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FORE WORD 

This document by ARACON Geophysics, a division of Allied Research 

Associates, h c . ,  Concord, Massachusetts p re sen t s  a general  system description 

of ARACON's photogrammetric attitude determination system. 

per formed for  the National Aeronautics and Space Administration under Contract 

These studies were 

NO. NAS5-3953. 

This report  supplements two previously published volumes- an  operator 's  

manual (Ref. 1) and a hardware description (Ref. 2). 
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1 .  SATELLITE ATTITUDE DETERMINATION: 

THE PROBLEM 

At any moment the position of a satell i te can be descr ibed by six numbers:  

th ree  to tell  where it is and three  more to tell  how it is oriented. Estimation of 

the fo rmer  parameter  i s  often referred to as "orbit  determination;" 

the la t te r  is  "attitude determination. 

estimation of 

There  a r e  severa l  reasons why scient is ts  seek p rec i se  es t imates  of space-  

cr . i f t  attitude. Some typical ones a r e :  

1. 'To pinpoint attitude at the instant of picture-taking to allow proper  

geographic referencing of picture  content - a vital  need for  TIROS, Nimbus, Ranger, 

Mar iner ,  Samos, and other vehicles; 

2 .  To aid in engineering evaluation of attitude control systems - e.g. on 

TIROS Wheel, QOMAC spin-vector steering, MASC spin-rate  control, and TEAM 

nutation damping; 

3 .  To confirm conditions pre-requis i te  to orbit  modification, e .  g. p repara-  

tion fo r  Mercury o r  Gemini re -en t ry  o r  for  Ranger or Mariner  mid-course correct ions.  

There a r e  a l so  several  independent sources  of data for  attitude estimation. 

A few of these a r e :  

1. infrared radiation records  

2.  v isible-light photographs 

3 .  sun-angle sensor  records  

4. s t a r - scan  information 

Each  of the attitude determination sys tems ava 

bad. F o r  a given satell i te,  some bases of choice a r e  

the type of satell i te(The necessary senso r s  1. 

lable has  both good points and 

may already be on 5oard for  

other purposes ,  e .  g .  to gather meteorological data, as on Nimbus and TIROS . ) 
2. sensor  cost  and reliabil i ty 

3 .  accuracy 

4. cost  of data reduction 

5. 

This repor t  descr ibes  in detail a sys tem to determine attitude of the TIROS 

time of data reduction before est imates  a r e  made available. 

Wheel satell i te f rom interpretation of its photographs of the ear th .  

1 



2 .  THE ARACON/ITEK FILM READER 

Under Contract No.  NAS5-3953, ARACON has developed a flexible photo- 

g rammet r i c  satellite attitude determination system. 

which yields 35 min fi lm can be accommodated. 

purpose fi lm reader along with formatting and control electronics (Fig 2-1 ) .  

Off-line operation of this equipment produces a paper  tape containing raw attitude 

data. 

with the aid of a Control Data 160-A (with 8K memory  and two tape t ransports) .  
system was f i r s t  made operational for  the TIROS IX wheel configuration satell i te.  

Since then minor software changes have been made to accommodate TIROS X with i ts  

"conventional" camera  mount geometry. 

Any satell i te c a m e r a  system 

System hardware is a general-  

Computer programs have been provided to calculate TIROS attitude pa rame te r s  

The 

The paper tape produced by fi lm reade r  operation contains seve ra l  var ie t ies  

of data, some numerical  and some not. 

coordinates of three different types of data "points1': landmarks,  horizon points, and 

matchpoints (common features  in pictures with overlapping coverage).  

a r e  obtained by reading the positions of c u r s o r s  centered by an  operator  over selected 

image points of cloud pictures displayedon the fi lm reade r .  

The p r i m a r y  numerical  data a r e  X - Y  

These data 

Figure 2 - 2  shows the data displayed on the fi lm reade r  screen.  

utive f r a m e s  of TIROS 35 mm film appear on the right-hand side of the screen.  

upper f r a m e  can be rotated 360° by an  operator to p e r m i t  alignment of the two TIROS 

f r ames ,  thereby facilitating matchpoint measurements .  

i s  displayed immediately below the f r a m e  itself. 

sl ides,  a r e  displayed on the left-hand side of the screen.  

Two s e t s  of perpendicular c ros swi re s  ( c u r s o r s )  r ide immediately behind the 

Two consec- 

The 

The legend of the lower f r a m e  

Landmark maps, on a s e r i e s  of 35 m m  

reader  display screen. 

plane of the reader .  

The projection mechanism and c rosswi re  assemblies  (not including the electronic 

readout) a r e  described in detail in the ttARACON/Itek F i lm  Record Reader" instruction 

manual. The r e s t  of the hardware is described in Reference 2 .  

The intersection of each s e t  defines a point in the image 

Either s e t  can be positioned a t  any point on the display sc reen .  

Figure 2 - 3  shows a simplified block diagram of the electronics which convert  

c ros swi re  position to digital codes punched on paper  tape. 

is mechanically linked t o  the p r i s m  mechanism which rotates the upper TIROS image, 

providing an indication of image rotation. 

and control switches mounted on the control panel of the f i lm reade r .  

shaft  encoders and the control panel a r e  punched onto paper tape through an electronic 

sequencer.  

A shaf t  position encoder 

Additional data sources  a r e  a keyboard, 

Data f rom the 

T 
Q 
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A feature of the system is programed control of the sequence of measurements  

to be made on each cloud picture.  The type of point (picture fiducial, landmark, 

horizon point, etc.) defines the measurement  "mode" of the r eade r .  The mode is 

displayed to an operator f r o m  an illuminated display device mounted on the r eade r  

control panel. 

of the mode sequence patchboard. 

operator depresses  a mode advance pushbutton. 

is a l so  sequenced onto paper tape with the outputs of the shaft encoders.  

The o r d e r  of measurement modes is determined by the pin setting 

After completing operations in a given mode, an  

The mode, o r  type of measurement ,  

.4 second patchboard allows selection of the various data sources  for  each 

type of measurement o r  mode. 

punched on tape. F o r  instance,  when measuring horizon points, data is taken f r o m  

only the upper picture and the outputs of shaft encoders for only one c ros swi re  se t  

a r e  needed, whereas matchpoint measurements require  readout of both c ros swi re  

se t s .  

of imeasurements or  modes. 

Each mode requires  somewhat different data to be 

The patchboard pe rmi t s  selection of the punched data for each of eight types 
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3 .  COMPUTATIONAL EQUIPMENT 

It  h a s  been mentioned that the fi lm reade r  is operated off line to produce 

an  eight-level paper data tape. 

orbi ta l  data a r e  the two inputs to the photogrammetric attitude program. 

This tape and a short  flexowriter tape containing 

At  each TIROS readout station the ARACON support t eam utilizes the following 

c o mpu t e r configuration : 

1 - 160-A (8K) Computer Console with Pape r  Tape Reader 

and Punch 

1 - 168-2 Arithmetic Unit 

1 - 161 Input/Output Typewriter 

1 - 
2 - 
1 - 165-2 On-line Calcomp Plot ter  

1 - Off-line Flexowriter 

162-1 Magnetic Tape Synchronizer 

603 Magnetic Tape Units 

7 



4. FROM PICTURES TO PARAMETERS 

Photogrammetric determination of TIROS attitude is not a new venture with the 

advent of the Wheel. 

used operationally in the pas t  - on the conventional TIROS. 

reasons,  however, for turning to machines f o r  a s s i s t ance .  

accuracy a r e  possible. More importantly, perhaps,  specialized ad hoc solutions 

can be replaced by a general  approach readily adaptable to any camera -ca r ry ing  

vehicle. 

Manual techniques such as  those devised by Fujita have been 

There a r e  several  

Grea t  gains in speed and 

TIROS pictures and picture sequences offer  many clues to spacecraft  attitude. 

At a glance a human can often give a fair estimate of attitude f rom one o r  more g ross  

indications, e .  g. the general  appearance of the e a r t h  horizon. P re l imina ry  study on 

the present  contract suggested three distinct types of picture data as  independent 

sources for  computer-aided attitude est imates .  

4. i The Horizon 

Though not always available, the horizon is perhaps the most easily used 

feature of the earth-disc image (Fig,  4-1).  F o r  ea r ly  TIROS satel l i tes ,  a ' 'quick 

look) technique matched picture horizons to curves  on plastic overlays to give rough 

attitude values. 

a x e s )  can complicate such manual methods and make them l o s e  their  "quick and 

easy" appeal. 

Elliptical orbits and canted c a m e r a s  (no longer looking down spin 

It should be noted that reduction of TIROS Wheel infrared V-scan data i s  a l s o  

Infrared radiation is monitored r a the r  than visible an  attempt to  detect the horizon. 

light. 

temperature  ( o r  its ra te  of change) in the scan element is continuously recorded; with 

the camera, a highly s t ructured wide-angle field of view i s  recorded (typically) twenty 

t imes p e r  orbi t  per camera .  

Sensor field of view is much narrower than that of the c a m e r a s .  Average 

4 . 2  Landmarks 

The interior of the ea r th  image provides many quasi-points of data. Some of 

these a r e  "permanent" landmarks of known latitude and longitude (Fig.  4- 1) .  

the majority of these landmarks appear a t  land-water interfaces ,  they a l s o  occur  

within land masses .  F o r  example, the peaks of some high mountains a r e  readily 

Although 

8 

I 
I 
II 



TIROS 9, Orb i t  108, C a m e r a  2, Tape 
Frame 4, 052811 UT,  31 January  1965 

TIROS 9 ,  Orbi t  108, C a m e r a  2, Tape 
Frame 3 ,  052915 U T ,  31 Janua ry  1965 

t Horizon Poi.nts 

+ Matchpoints 

-,- Landmarks  I 

F i g u r e  4-  1 Satell i te P i c tu re s  Showing Horizon, Landmark ,  and Matchpoint Data  

9 
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detectable by their glacial cover.  

picture,  latitude-longitude coordinates can be assigned to various points in the 

image plane, and knowing the satell i te location, i t s  attitude can be mathematically 

determined. Cue to the l a rge  ocean a r e a s  and often extensive cloud cover ,  this 

technique is usually applicable only on a few f r a m e s  pe r  pass .  

If landmarks can be recognized in a satell i te 

4. 3 Matchpoints 

Even if earth-image l lpointsll  a r e  not recognizable landmarks,  they may still 

yield attitude information. 

view combine to give substantial (- 30% o r  more)  overlap between adjacent pictures ,  

many matching points can often be found in  a given picture pair  (Fig.  4-1). 

r e f e r  to such point p a i r s  a s  l 'matchpoints'l  - o r  w e  may a l s o  r e f e r  to a point and 

i t s  "matchpoint. 

pat terns  a r e  secondary sources .  

two pictures  can be used, matchpoints provide a far g r e a t e r  supply of usable data than 

do landmarks 

If satell i te height, picture interval,  and c a m e r a  field of 

We shall  

Cloud "notches" a r e  the usual matchpoints but landmarks or  snow 

A s  any recognizable point feature which appears  in 

10 



5. TERMINOLOGY ANI2 BASIC CONCEPTS 

To promote the understanding of the algorithms and the program listings 

cer ta in  basic t e rms  will be defined. 

5. 1 Fiducials 

On the on-board vidicon faceplate a r e  five fiducial o r  reference marks  as in 

F igure  5-1: 

r 7 + 
L 

Figure 5-1 Came*-a Fiducial Array  

In prac t ice  these marks  a r e  presumed to fo rm an ideally square a r r a y .  

If they were measurably non-square, two of them could a rb i t ra r i ly  be chosen 

for a reference o r  they could be treated in a leas t - squares  sense .  

5 .  2 Optical Axis and Principal  Point 

At camera  calibration t ime a working definition is used for the optical 

ax is .  

re t ic le)  is fastened to the front element of the camera  lens  assembly .  

element has a planar sur face . )  

perpendicular to the m i r r o r  surface is the optical axis.  

A front-surface m i r r o r  (on an optically f la t  blank and with a central  

(The front  

That r ay  which passes  through the ret ic le  

11 



Whenever an image is formed by the c a m e r a  sys t em,  that point which is 

imaged along the optical axis (centrally) is called the principal point. 

5 .  3 Camera Calibration 

F o r  recent TIROS satel l i tes ,  camera  calibrations have been per formed 

by the pr ime contractor, Radio Corporation of Amer ica  (Ref. 3 ) .  Pic tu res  a r e  taken 

of a carefully surveyed bull 's-eye target.  

have been supplied to ARACON personnel. 

dinlensional (radial  and azimuthal) radial  distortion polynomial has  been generated.  

Using this polynomial and the fiducial measurements  f r o m  a given picture,  the 

photogrammetry programs can map information into a virtually distortion-free 

standard image plane. 

Posit ive t ransparencies  f rom the tes t s  

With the aid of the fi lm r e a d e r ,  a two- 

The generation of the polynomial will be outlined briefly.  

A calibration transparency is projected on the fi lm reade r .  Ta rge t  feature  

coordinates a r e  measured (in shaft-encoder counts). 

lines a t  every 15 . 
24 "spokes." A l eas t - squa res  curve fit is performed such that 

The bull's eye has radial  
0 Separate polynomial coefficients a r e  produced for each of the 

R U = C,Rd  t CzRd3 t C,Rd5 

where 

R = distortion-free radial  distance in focal-length units 
U 

(calculated f rom t a rge t  survey and distance f r o m  

t a rge t  to front nodal point 

Rd = distorted radial  distance in shaft-encoder counts. 

The radial  distortion should vanish a t  the lens center.  

the proper  ra t io  between focal lengths and shaft-encoder counts - for  the picture a s  

imaged a t  the projection scale  of the fi lm reade r .  

Therefore C,  should give 

The coordinates of the calibration picture fiducials a r e  s to red  in focal length 

units (with a translation to s e t  the sums of the x's and of the y's equal to zero) .  All 

other pictures  are  imaged -by fitting of fiducial a r r a y s  - onto the calibration 

picture  and f rom there  to a distortion-free plane. 

A p a r t  of the RCA c a m e r a  calibration is the determination of the c a m e r a  

mounting angles.  

"looking direction" of the camera:  

Let  us define a s e t  of three angles which will determine the 

12 
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1. Cant - 
baseplate;  

Azimuth - Passing through the baseplate center  is a directed line 

paral le l  to the camera  optical axis projection on the baseplate; the 

azimuth of this line relative to some baseplate reference mark  is the 

camera  azimuth; the two TIROS Wheel camera  azimuths a r e  ve ry  

near ly  180° apart ;  

Skewness - If the fiducials were a perfectly square a r r a y ,  an ideal 

camera  mounting would leave two sides of the fiducial square paral le l  

to the baseplate; for  a mounted camera  there  is some smallest  angle 

(of rotation about the optical axis)  which will provide this parallelism; 

we call  this the skewness angle 5 .  
been published for TIROS IX and X c a m e r a s .  Since an ideal mount 

would leave 5 = Oo and mountings a r e  near-ideal,  in practice 5 has 

been s e t  to 0.) 

The angle between the camera  optical axis  and the satell i te 

2 .  

3 .  

(Note: A skewness angle has not 

5 .4  Effective Image Plane 

Throughout this documentation !'effective image planes" a r e  discussed. 

They a r e  always presumed to be planes between the "origin of look" and the 

object space being viewed. 

where the ray f rom the origin to the i tem passes  through the effective (or  

equivalent) image plane. 

I tems in object space a r e  ideally imaged a t  the point 

Because of the great  distances (>400 mi.)  between the satell i te and the 

The cameras  can be considered to have their  ear th ,  parallax can be ignored. 

"origin of lookf1 at the center of the satellite. 

5. 5 Ve:'tical, Subpoint, Azimuth to North 

Three more  basic t e r m s  which need careful definition a r e :  

1. Vertical  - The directed line f rom the instantaneous satell i te position 

to the "earth center" 

c o i r  ected earth) ; 

Subpoint - The n e a r e r  point on the ea r th  intercepted by the ver t ical ;  

(the center  of the oblate spheroid,  f i r s t -o rde r -  

2 .  

13 



3 .  .4ziinuth to north - At any t ime there  is an  orbital  plane perpendicular 

to the orbital  angular velocity vector;  there  is a l so  a rotation of the 

orbital plane (around the vertical)  which would: 

the orbital plane; and 2)  leave land to the west of the subpoint t rack in the 

same halfspace a s  the orbital  angular velocity vector.  

(inclination angle) orbi t  the azimuth to north is 7O a t  ascending node 

(northward equator crossing)  and 90° a t  peak northern latitude. 

1) put the North Pole in 

Note: for a 97O 

5 .6  :I Set of X,  Y ,  Z Body Coordinates 

We now define a se t  of right-handed Cartesian coordinates fixed in the 

TIROS spacecraft  body. 

Z axes  l ie  in the plane of the satell i te baseplate,  with the Z axis  a t  the azimuth of 

the (a given) camera.  When the TIROS Wheel satell i te is in i ts  "ideal" orientation 

in orbit ,  the negative Z axis is the ver t ical  and the negative X axis is paral le l  to 

the orbital  angular velocity vector.  

The negative X axis is the positive spin vector.  The Y and 

The Y axis  then points nominally ahead in the orbit .  

5.7 Yaw, Roll, and Pitch 

Yaw, roll and pitch wi l l  be used in the same  sense  a s  in ordinary discussions 

of vehicles. When applied, 

these rotations twist the spacecraf t  f rom some ideal position to any unique space 

orientation. 

spin axis paral le l  (not antiparallel)  to the orbital  angular velocity vector .  

roll ,  and pitch a r e  sequential rotations about the Z-,  Y', and X 

They a r e  sequential rotations about body-fixed axes.  

F o r  the TIROS Wheel satell i te we choose a n  ideal position with the 

Yaw, 
+ axes,  respectively. 

5.8 Phimax and Lambda 

The two spin-axis pointing p a r a m e t e r s  a r e :  

(teletype symbol PHIMAX) - the complement of the angle between @max 
the spin axis and the orbital  plane; 

2 .  (teletype symbol LAMBDA) - the a rgument  in orbi t  where maximum yaw 
0 occur s ;  this i s  90 ahead of the occurrence of maximum roll .  

14 



5 . 9  The Operators @ and K 

Finally, for brevity in presenting coordinate transformations we define two 

signifies that new axes a r e  being adopted and that they can be ope ra to r s .  @ (angle) 

found by rotating the old s e t  through the given angle about the X (in this case)  axis.  

K (distance)y signifies that the new axes can be found by simply translating the old 

se t  through the given distance along the Y axis.  

X 

With p r imes  signifying new axes,  

0 (<Ix implies 

Y = Ycos  [ t Z s in  5 1 

and 

Z = Z c o s <  - Y sin 5 

K(h)y implies 
1 

Y = Y-h 

15 



6. ALGORITHMS 

Whether horizons, landmarks o r  matchpoints a r e  the p r i m a r y  data,  the 

satne basic algorithm is employed. 

follows : 

'The p rocess  can  b e  described as  

1 ~ fi lm-reader data a r e  processed to normalize all measurements  into 

distortion - f r  ee  image planes ; 

2 .  an e r r o r  function (in the attitude p a r a m e t e r s  to be estimated) is minimized 

onc variable a t  a time - each variable es t imate  usually being improved seve ra l  

t imes ; 

3 .  attitude resul ts  f r o m  individual pictures ( o r  picture  pa i r s )  a r e  integrated 

over  the entire picture sequence to give best  es t imates  of the two spin-axis pointing 

pa rame te r s ;  in this p rocess ,  suspicious looking data a r e  screened out on the p r e m i s e  

tha t  their  l a rge  deviations f r o m  consensus s t em f rom e r r o r s  outside the "normal" 

mechanisms of measurement e r r o r .  

The r e s t  of this section will descr ibe the data reduction p rocess  in detail.  

6.1  F r o m  Film-Reader Image to Distortion-Free Image Plane 

There a r e  two distinct pa r t s  to the generation of distortion-free image 

planes:  

calibration picture; (2 )  transforming the calibration picture mapping into an 

essentially distortion-fr ee image plane. 

(1 )  mapping of a given projected image onto the image of a c a m e r a  

6.1.1 Mapping a Given Image Onto the Calibration Image 

There a r e  s eve ra l  reasons why the mapping of any (projected) TIROS 

picture  is not quite l ike the mapping of the (projected) calibration image. 

Changes in the on-board vidicon, the transmitt ing and receiving equipment, 

and the readout station kinescope can cause substantial  modifications of the image. 

X and Y scale  changes of s eve ra l  percent  (probably caused by on-board power supply 

f1uctuations)are noted within most f i lmstr ips .  

images va ry  by as much as 2 

control problems would not dis turb many TIROS picture  u s e r s ,  they cannot be ignored 

in photogrammetry. 

Even the rotation angles of the 
0 within many of the f i lmstr ips .  Although these quality 

I 
1 

1 
I 
I 
I 
I 
I 
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A general  attack is made on this problem of the changeable picture mapping. 

By comparing fiducial mark  positions in any picture with those in the caiibiration 

picture  a s e t  of five transformation parameters  is found. 

p a r a m e t e r s  will allow a picture to be: 

The least-squares  fitting 

(1) translated along the X-axis 

(2) translated along the Y-axis 

( 3 )  rescaled in the X dimension 

(4) rescaled in the Y dimension 

(5) rotated 

6.1.2 F r o m  Calibration Picture to a Distortion-Free Image Plane 

The p r imary  tool f o r  removing distortion f rom the calibration picture (or  

any equivalent image plane) is  the two-dimensional radial  distortion polynomial. 

The effectiveness of this technique f o r  our photogrammetry purposes has been 

studied and found acceptable. Note, however, that s eve ra l  independent sources  of 

distortion a r e  being accommodated at  one time. Most s eve re  is the b a r r e l  dis tor-  

tion of the on-board lens  system. Second, there  is the pincushion distortion of the 

CDA station kinescopes. 

distortion in daily operations. 

picture-specific and therefore unremovable in pract ice . )  Third,  there  is the 

contribution of the on-board vidicon. 

Finally,  there  is the transmitt ing a d  receiving equipment and a ground tape 

r eco rde r  and camera.  

ser ious e r r o r s  in final attitude parameters .  

been protected by two safeguards: 

CDA station electronics;  

o r d e r  troubles (e .  g. sync difficulties) and avoid problem pictures.  

(The kinescopes have been found to be ve ry  s imilar  in 

Small-order non-linearities a r e  detectable but 

Fourth,  there  is the on-board tape r eco rde r .  

E r r a t i c  operation of any link in the chain could introduce 

Experience suggests that we have 

1) generally good quality control in maintenance of 

2) the ability of a human operator  to detect  even small-  

6.2 The E r r o r  Functions: Do the Attitude P a r a m e t e r  Es t ima tes  Fit the Data? 

To infer c a m e r a  orientation from picture  content one needs to answer the 

"Do the (a s e t  of assumed) attitude pa rame te r  es t imates  f i t  the da t a?"  question: 

Fu r the r ,  would the data and parameter  es t imates  a g r e e  more  closely if  the p a r a m e t e r s  

were  r e -e s t ima ted?  

picture  (pair)  ? 

Finally, what is the bes t  s e t  of es t imates  in the light of a given 
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6 . 2 .  1 The Horizon E r r o r  Function 

Were the ear th  truly spherical ,  the image of the ea r th  horizon would be 

independent of satellite yaw. Fortunately, ignoring ea r th  non-sphericity does not 

occasion troublesome attitude e r r o r s .  The r e s t  of this section wi l l  deal with a 

mean spherical  earth. 

Imagine that (as happens in pract ice)  we know approximate ( -  & lo )  values 

for  satell i te roll  and pitch a t  the t ime of a given picture.  

t hc rc  corresponds a hypothetical horizon locus. 

l i e  near  this locus ? 

To these est imates  

Do the measured  horizon points 

Barring TV and optical distortions,the image of the ea r th  is  elliptical. If 

the c a m e r a  axis had pointed down the vertical ,  the horizon would have appeared 

c i r cu la r .  

f rom a tilted-plane elliptical horizon to a normal-plane c i r cu la r  one. 

satell i te height is  well known, the radius of the theoretical  image is a lso well known. 

In the computer p rograms  the proper  transformations a r e  used to map 

And since 

1 I 9 
Figure6 -1  pictures  the goodness-of-fit situation. Points P , ,  P , ,  P , ,  and 

1 
P, have been mapped f rom a distortion-free (for the sake of discussion) tilted 

plane onto a normal plane. 

rotation of the camera  about i t s  optical axis (skew angle) which would leave 

two sides of the fiducial f r a m e  paral le l  to the baseplate;  (2) the cant angle; 

( 3 )  an est imate  of satell i te pitch; (4) an  est imate  of satell i te roll.  

attitude differs f rom actual attitude, the point-set [PI will not in general  be mapped 

into a c i rc le .  

The measu re  of goodness of fit between the hypothetical horizon and s e t  of mapped 

measured  points i s  simply 

This mapping involves four rotation values: (1) the 

Since the estimated 

As  es t imates  a r e  improved, however, [ P 1 converges on circular i ty .  

n 1  
= ( r i  - r )2  =(roll ,  pitch) 

where 
t 

r 

r 

i s  the radial  distance of Pi 

is the expected horizon radius,  

a function of height alone 

i 
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Figure 6-1 Measured Horizon Points on Distor t ion-Free Normal Plane 

19 



6 . 2 . 2  The Landmark E r r o r  Function 

Whcn landmark measurements  have been made, the data reduction is not 

unlike that for horizon points. 

shaft-encoder counts to focal-length units in a distortion-free plane. 

r eade r  operator has correlated these landmarks in the pictures  with the correspond- 

ing i tems f rom map-slide images by simultaneously encoding both the observed 

landmark, and the map coordinates. The measurements  made f r o m  the map s l ides  

a r e  converted from shaft-encoder counts to geodetic latitude /longitude values using 

the projection equations of the sl ide maps (Lambert  Conformal o r  Po la r  Stereographic) 

The corresponding geocentric latitude is computed, and then the radial  distance 

(from ea r th  center) to the landmarks is computed f o r  a f i r s t -o rde r  corrected earth.  

-4 chain of transformations is used to map these known object-space points (landmarks 

of known latitude /longitude) into the distortion-free plane mentioned above for an 

assumed attitude (yaw, roll,  and pitch). Let  u s  sketch the mathematics involved. 

Measurements of landmarks are  converted f r o m  

The f i lm-  

For  a given landmark, the map-slide measurements  yield a s e t  of three 

spherical  coordinates: 

d = 90' - (north latitude of the landmark) 

p = the oblate-earth radial  distance a s  a function of latitude 

e =  (eas t  longitude of the landmark) - 90° - (the longitude of the 

s ubpoin t) 

In a Cartesian coordinate system the landmark i s  a t  

X = p s in  @ c o s  8 
Y = p sin @ s i n  8 
z = p c o s  8 

where 
t Z 

Y- passes  through the subpoint longitude at the equator 

pas ses  through the North Pole  

Then the following transformations a r e  applied: 

+ 
(1) rotating about X+  s o  that  Z passes  through the satell i te 

n o  a ( 9 0  - north latitude of the subpoint)X 

( 2 )  ascending to a satell i te-centered system 

K (RSAT)Z 

( 3 )  rotating so that the Y axis points north 

@(- AZTONO)Z 
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(4) yawing the satell i te 

O(- Y A W ) Z  

(5) rolling the satell i te 

(6) pitching the satell i te 

0 (PIT CH)X 

(7) canting the camera  

0 (CANT) 

At this t ime the coordinates of the map slide landmark a r e  known in a 

camera-referenced coordinate system. 

ideal (distortion-free) image, the r a y  to the landmark is intersected with an effective 

image plane. 

the optical axis):  

To find the coordinates of the actual landmark's 

That is, the X and Y values a r e  scaled down by the Z distance (down 

The e r r o r  function is like that used for  matchpoints. F o r  any given mapping 

of landmarks into an image plane (i. e., for any combination of yaw, roll,  and pitch 

guesses)  a I1sum of deviations squared" is computed. 

a r e  between where a point would be expected to appear and where it "actually" 

appeared in the image plane. 

Loosely speaking, the deviations 

6 . 2 . 3  The Matchpoint E r r o r  Function 

Using matchpoint data is not too unlike using landmarks.  In this case,  

however, a f i t  is attempted between two sets  of image-plane measurements .  

Loosely speaking, the points f rom picture n a r e  projected into the image plane of 

picture  n t 1, where n e a r  coincidence of matchpoints is expected. 

First of all, the measurements f rom both pictures a r e  mapped into 

distortion-free image planes. After this has been done, a string of 15 coordinate 

transformations and two projections connects these two standardized image planes. 
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The transformations a r e  (with all rotations about the positive X ,  Y ,  Z axes) :  

where 

uncanting the c a m e r a  

unpitching the satell i te f rom the nth picture  position 

@( -PITCHn)X 

unrolling the satell i te 

@(-ROLLI1)Z 

unyawing the satell i te 

0 (Y A w n )  Z 

projecting the image points onto the ea r th  surface 

X = AX 

Y = A Y  

2 = A 2  

A = - B - ,JBL - C(RkAT - RbBJ) 

C 

B = 2 RSAT 

c = xz t YZ t 2 2  

the radial  distance of the object-space i tem,  

e .g . ,  a cloud, f r o m  the ea r th  center.  
R~~~ = 

descending to an earth-centered coordinate system 

K ( -  RSATn)Z 

turning the Y axis out of the orbital  plane so  i t  becomes coplanar 

with a longitude circle  (i. e . ,  "points north") 

O(AZTON0 ) 
n z  

turning about X so that the Z axis passes  through the North Pole 

@(SPLATn - 90°)x 

2 2  
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turning about Z s o  that Y pas ses  through the longitude of the 

subpoint for picture n t 1 

O(SPLONGntl - SPLONGn t 90°)z 

turning about X so  that the Z passes  through the latitude of the 

subpoint for picture n t 1 

@(go0 - SPLATntl)X 

turning the Y axis back into the orbital  plane 

0 ( -  AZTONOntl Iz 

K (RSATntl)Z 

e(- YAWn+&Z 

0 ( RO LLn 

@(PITCHnt JX 

@(CANTnt1 I y  

ascending to a satell i te-centered coordinate system 

yawing the satell i te 

rolling the satell i te 

pitching the satell i te 

canting the c a m e r a  

projecting the object-space point back into the effective image 

plane 

x = x / z  
Y = Y I Z  

In pract ice ,  measurements from p i c - i r e  n a r e  mapped into a standardized 

Then they a r e  mapped through transformations 1 and 2. distortion-free plane. 

Similarly,  picture n t 1 data a r e  made distortion-free and mapped through t r ans -  

formations 17, 16 and 15. A matrix is developed to provide transformations 5-12 

inclusive. 
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An e r r o r  function, F(@max, A ) ,  is investigated and minimized sequentially in i ts  

two var iables .  This involve. testing many combinations of @I and - o r  

YAW,, ROLLn, YAWnt  1, ROLLnt1 - to  complete the chain of transformations 

f r o m  3-14. 

max 

The matchpoint e r r o r  function is 
1 1  n 

'('max * A) = c (Xl - x: l 2  
where 

1 1  

Xi' yi 

x. y Yi 
1 1  1 1  

1 

I I 

a r e  the coordinates 

1 1 1  
t (Yi - Yi ) 2  

of the "i" th point f rom picture 

n mapped through transformations 1 - 14 

a r e  the coordinates of the "i" th point f rom picture 

n f l  mapped through transformations 17,16,15. 

This e r r o r  function is simply the sum of the deviations squared - i. e. ,  the 

deviations of points f rom their  matchpointo af ter  both have been mapped into a 

common image plane. 

6 . 3  Sequential Minimization of the E r r o r  Functions 

In the preceding sections,  e r r o r  functions have been described for  horizon, 

landmark, and matchpoint data. Unlike in many respects ,  these functions a r e  

nevertheless all: (1) functions of a t  l eas t  two attitude pa rame te r s ;  (2)  transcendental 

in  these pa rame te r s  in such a way that the normal  equations fo rm a system of t r a n s -  

cendental equations soluble only by successive approximations. 

when investigating the function for any data group is a se t  of values V I ,  V,, V, such 

What is desired 

that = --  - a =  = 0. Fortunately, these e r r o r  functions a r e  in pract ice  av ,  avz av, 
"rolly, polynomial-like" three and four -dimensional sheets .  

minimizing of these functions 

a valley" with very little r i s k  of finding only a relative minimum. 

attitude parameter  initial es t imates  a r e  accurate  to within a few degrees .  

this neighborhood of the minima the e r r o r  functions a r e  especially well behaved. 

Computational 

can be accomplished by an "orthogonal descent into 

In general ,  

Within 

If we sample an e r r o r  function for  s eve ra l  values of V1, (V, and V, being held 

a t  some reasonable es t imates) ,  we develop a one-dimensional tabular function. 

What we seek i s  the value of v, f o r  which this tabular function is minimal. 

this we r e ly  on Stirling's interpolation formula: 

TO do 
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A y - l t  AyQ u2 u ( u 2 - l )  A3y4 t A ~ Y - ~  
+- ... 

2 t 2 A'y-1 t 
2 3! 

y = y  t u  

where 

X - x  m i n F  0 

h u =  

h = the constant sampling interval 

Differentiating, we get 

for 

Since the e r r o r  functions a r e  so well behaved, we use  the f i r s t  two t e r m s  
d 
dx  of the expansion f o r  2 . Setting 2 = 0 and solving for u, we get 

X = xo + hu min and then 

The formulae just  presented imply the use  of j u s t  t h ree  sampling points in 

estimating the location of the minimum. 

somewhere between end samples ,  In the program the e r r o r  function i s  sampled a t  

the bes t  es t imate  of the parameter  being improved, Vo. (See Fig.  6-2).  Then a 

sample i s  made at V 

sea rch  i s  continued(in this same direction) until F (V.+h) >F (V.) - at  which t ime 

the minimum i s  embraced by the l a s t  th ree  samples .  

F (Vo), 
prac t ice ,  a f te r  the f i r s t  improvement of the attitude pa rame te r s ,  there i s  a lmost  
never  a need for  more than three  samplings per  minimization. The estimation of 

Of necessity, the minimum must occur 

t h (where h is often -lo). If F (Vo t h) 5 F (Vo) the 

If initially F (Vo t h) > 
In 

0 

1 1 

the sea rch  i s  made in the other direction until F (Vi  - h) > F  (Vi). 
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START 0 

CALCULATE 
F (V I  ,&I = F(Vo +h,Uo) 

(ORIGINAL ATITIUDE 
ESTIMATES; Vo, Wo 1 

4- 

(REVERSE SEARCH 
DIRECTION) 

CALCULATE 

SEEK MINIMUM 

CALCULATE NEW ESTIMATE 

Us116 SIMPSONS RULE 
Vo FROM Vi+!,Vi,Vi-I  

I CALCULATE ERROR 
fUNCTlO1 F(V0,MJ 

7- 
1 

CALCULATE 

F 4 VolWi + I)= F ( V o J I i 4 )  

Id I 
SEEK M W W  

CALCULATE NEW ESTIMATE 
wo FROM Wi+f, Wi l  wi-, 

. USING SIMPSON'SRULE 

I 
(CUTOFF TESTS) 

OUTPUT FINAL ATTITUDE ESTIMATE 

vo .wo 

Figure 6-2 Error Function Minimization 
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the s e t  of pa rame te r s  is done no more than eight t imes for a given data group. 

the p rograms ,  an a r b i t r a r y  cutoff test  i s  used. 

if  the estimate of roll  is a l tered by less  than . 1 

and pitch, the p rocess  i s  stopped and the values a r e  recorded. 
shown this practice to be quite reasonable. 

ing the e r r o r  function minimization process  for  tvm attitude pa rame te r s .  

to t h ree  o r  more  pa rame te r s  is straightforward. 

In 

F o r  example, in the horizon program 
0 af ter  the f i r s t  improvement of roll  

Experimentation has 
Figure 6-2 is a general  flow cha r t  outlin- 

The extension 

6 . 4  Smoothing Data Over an Ent i re  Picture Sequence 

There a r e  seve ra l  levels of data integration available in operational TIROS 

photogrammetry. 

F i r s t ,  data f rom horizon, landmark, and matchpoint techniques could be 

combined f o r  any given picture (pair) .  

experimental  nature of the programs and the consequent decision to keep them 

independent. 

This has not been done because of the 

Second, spin-axis pa rame te r s  - @ and A-for several  days of orbits 

This job is 
max 

could be smoothed, with the help of magnetic steering information. 

presently being done for  all TIROS attitude data by the NASA Theory and Analysis 

Office a t  Greenbelt, Maryland. 

NASA effort. 

- 
ARACON has made no attempt to duplicate this 

Third, information can be integrated over a single picture-taking sequence. 

This work has been done to estimate gmax and ), f rom a given fi lmstrip.  

6.4. 1 Sine-Curve Fitting 

It is a well-known relationship that 

sin R = sin @ sin (I - A) max 

and that s in  Y = sin @ C O S  (I - A ) ) .  
max 

Therefore,  the sines of the roll estimates f r o m  individual pictures should 

To integrate the rol l  information f rom a l ie on a sinusoid of amplitude sin @ 

string of pictures is simply a job of least-squares  sine curve fitting. 
max' 

Take the function y = A sin (x t 6)  t K. TO least-squares  fi t  this fo rm to a 
n 

a F  - a F  = 0, where F = E[ yi - A sin (x. - 6)  t K I 2  aF 
XC = - a x  - ad 1 data set,one demands that 
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The reader  may wonder why a three-parameter  s ine f i t  (including translation 

After a l l ,  the s ines  of the yaw and ro l l  data should be constant) has 'seen described. 

sinusoidal without translation. Remember,  however, that the yaw and roll  values a r e  

produced by a long chain of computations. 

precisely this possible asymmetry  about the ze ro  level  (i. e .  , translation).  

both two and three parameter  s ine fits has proved to  be a valuable exploratory tool. 

One of the danger signs to look for  is 

Doing 

6 .4 .2  Data Rejection 

It often happens, for  one reason o r  another,  that "wild" values show up 

among the yaw and ro l l  es t imates .  

source,  although there  can be other causes .  

values ? 

i s  re jected? 

F i lm-reader  operator  e r r o r  is generally the 

What should be  done with these bad 

Moreover, how can one decide jus t  how deviant a point should be before it 

Empirically the yaw and rol l  values have been found to be ra ther  normally 

distributed. 

a sinusoid. 

distribution were normal.  

A handy rejection t e s t  has been the following. 

The most deviant point is found. 

A l l  data a r e  f i t  with 

Its  r a r i t y  is  computed a s  though the 

where 

1 
2n If p < - , the point is  rejected.  

probability is rejected i f  n = 20. 

most  deviant point satisfies the conditions. 

Thus, for  example, a point of l e s s  than 2-1/270 

This rejection t e s t  is re-applied until the (then) 

28 

I 
8 
1 
I 
1 
1 
I 
1 
1 
1 



I 
1 
I 

8 
I 
8 
I 
1 
1 
1 
8 

I 
I 
I 

The solutions to the no rma l  equations a r e :  

SP, t C P ,  
A =  

n(cZS, t s 2 S z  t SCS,) - Pf 

SP, - C P ,  
- - 

n [sc  (SI - S,) t ( s z  - c2) S 5 ]  - P4 ( s S ~  - cS,) 

S, - AP4 
K =  n 

where 

P, = nS4 - S,Sg 

P, = nS, - SGS, 
P3 = s,s3 - s s, 
P4 = cs, t s& 

s = sin 6 

c = cos 6 

and 

S, = C sin2 x.  
1 

s, = c C O S Z X i  

S3 = c y. sin x 
1 i 

1 i s4 = c y. cos x 

i S 5  = C sin x. COS x 
1 

S6 = c yi 

s, = c cos xi 

s7 = c sin x i 

(NOTE: 

expression should be used whose denominator has the l a r g e r  absolute value. 

wi l l  avoid the inaccuracies found in  nea r -ze ro  differences of large numbers . )  

There a r e  two expressions given for  A .  In computational work, that 

This 
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7. COMPUTER PROGRAMS 

The photogrammetric attitude program has been written in eight relatively 

independent sections. 

Section 1,  an  assembly language (OSAS) input routine. 

automatic chain which w i l l  run to completion once i t  i s  called by an operator .  

Each  has been separately compiled in  FORTRAN - except 

The programs form an  

To accomplish chaining of programs,  a function -DROPF the "drop function"- 

was ,rddcd to the FORTRAN compiler.  

opc r,itionnl statement: 

It is called with a dummy argument  in an  

0 = DROPF (Q) 

To insure a standard start ing location for the FORTRAN sect ions,  each was 

written with a PAUSE statement a t  o r  near  the beginning. 

coinpiled and run- through the PAUSE instruction - before being dumped on to 

p,ipcr tape.  

The section was then 

The eight program sectizms a r e :  

1. Input Routine 

2. Fiducial F i t t e r  and Secondary Ephemerides Generator 

3.  Mode Record P rocesso r  

4. Horizon Section 

5. Landmark Section 

6 .  Matchpoint Section 

7 .  Line - Curve Fi t te r  

8.  Output Section 

The program listings for  these sections a r e  given in Appendix B. 

an index of the important mnemonics used in these programs.  

descr ibe the role  of each subprogram. 

Appendix A contains 

We shall  now briefly 

7.1 Input Routine 

The Input Routine reads two paper tapes (See Ref. 1 ). The first is a shor t  

f lexowriter tape with specific information about the f i lmst r ip  which was processed .  

The second is the eight-level tape turned out by the f i lm reader .  

combines the two inputs and writes two blocks on the magnetic s c ra t ch  tape: 1 )  p r imary  

ephemerides for the orbit  involved; 

p r imary  ephemerides and mode record  fo rma t s .  

This section 

2) mode records .  Tables 7-1 and 7 - 2  show the 
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Table 7 - 1  

PRIMARY EPHEMERIDES 

P r i m a r y  ephemeris data a r e  in one logical record on the sc ra t ch  tape- to be 

It is produced by machine-language P r o g r a m  No. 1 f rom a combination of 

r e f e r r e d  to as PRIEPII. 

direct  inputs f rom flex tape and orbital elements written into the p rogram by ARACON 
se rv ice  routines.  
compr i se s  the f i r s t  two physical records on the data tape. 

The a r r a y  is written in FORTRAN floating point format and 

1 HRE secs  x 2 - 2 7  Epoch time, GMT (orbital  elements) 

2 ANP ( 2  i tems)  secs  X 2 - 2 7  Anomalistic period & secular  change 

4 INC circles  Inclination of orbit  to equator 

5 F U N  ( 2  i tems)  c i rc les  Right ascension of ascending node & change 

7 P E R  ( 2  i tems)  c i rc les  Argument of perigee & change 

1 2  ( 2  i tems)  

14 LDA integer x 2 - 2 7  

15 MOE integer x 2-27  

16 DAE integer x 2 - 2 7  

17 OPTION Special 

18 ORB integer x z - " ~  
19 MON integer x 2 - 2 7  

20 DAY integer x 
21 ANT secs  x 2 - 2 7  
2 2  LAN circle s 

23 ROL circles  

24 TOT mins x 2 - *  

25 E R P  circles  

26 PDA integer x 2 - 2 7  

27 CAM integer x 2 - 2 7  

28 QTY integer x 2 - 2 7  

29 INT secs  x 2 - z 7  

30 GMT (48 i tems)  secs  X rz7 
31 SWA 

Additional comments:  

9 NAN 

10 ECC 

1 1  SMA 

circles  Mean anomaly 

fraction as is Eccentricity 

ea r th  radii  X 2-?Semi-major axis (converted to me te r s )  

Moments of inertia (not used) 

Last  day of epoch month 

Epoch month 

Epoch day 

Logical copy of plotter switch settings 

Picture orbit  number 

Month of reference orbi t  ascending node 

Day of reference orbit  ascending node 

Time of reference ascending node, GMT 

Longitude of reference ascending node (Eas t  is t) 

Satellite maximum rol l  angle 

Time of QmaX occurrence,  af ter  ascending node 

E s t i  ma te d pitch bia s 

Day of f i r s t  picture 

Camera number 

Quantity of pictures to be referenced 

Nor mal interval between pictures 

Individual picture t imes 

Swath number for  landmark slides 

, 

1.  
s e rv i ce  routines. The values a r e  reconverted as  efficiently as possible in the f i r s t  
FORTRANProgram (No. 2) f o r  use in orbit  generation and for t ransfer  to SECEPH. 
F o r  example, SMA is immediately converted to meters  b y p r o g r a m  No. 2 before 
computations a r e  pe r f  o r me d. 

The scalings indicated a r e  ca r r i ed  over f rom the standard ARACON input 
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Table 7-2 

MODE RECORDS 

Progra in  No.  1 convcrts  the eight-level f i lm- reade r  paper  tape data into a 
long l i s t  of mode records  (MODREC's) on the data tape. 
logical record  consisting of a nine-integer a r r a y  in FORTRAN integer format .  
organization of data within the var ious types of MODREC's is as follows: 

Each  MODREC is  a dist.inct 
The 

Modes 0 ,  I ,  3 (Calibration, P ic ture  Fiducial ,  and Matchpoint) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

h 

I 
2 
3 
4 
5 
6 
7 
8 
9 

- 

F r a m e  No. (P ic ture  N o . )  
Mode Type 
Rotation Angle 
UC-x (upper c ros swi re  x )  

LC-x 

Dummy 
Par i ty  

u c - y  

LC-y 

)de 2 (Horizons) 

F r a m e  No. 
Mode Type 
Rotation Angle 
uc-x 
Dummy 
Dummy 
Dummy 
Par i ty  

u c - y  

Mode 5 (Map Slide Fiducials)  

1 F r a m e  No.  
2 Mode Type 
3 LC-x 
4 LC-y 
5 Dummy 
6 Dummy 
7 Dummy 
8 Dummy 
9 P a r i t y  

Mode 4 Cataloge' 

1 F r a m e  No. 
2 Mode Type 
3 Map Slide No .  
4 Rotation Angle 
5 uc-x 
6 UC-y 
7 Dummy 
8 Dummy 
9 Pa r i ty  

Land ma r k  s 

Mode 6 (Uncataloged Landmarks)  

1 F r a m e  No.  
2 Mode Type 
3 Slide No.  
4 Rotation Angle 
5 uc-x 
6 UC-y 
7 LC-x 
8 LC-y 
9 Pa r i ty  
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7.2 Fiducial Fi t ter  and Secondary Ephemerides Generator 

This section performs two distinct tasks.  F i r s t ,  i t  s ea rches  through the 

sc ra t ch  tape for  a l l  fiducial mode records.  

squares fiducial f i t  and writes a s e t  of five pa rame te r s  on the sc ra t ch  tape for  each 

f i t  performed.  

each picture.  

Picture  by picture i t  does a least-  

Secondly, this section computes cer ta in  ephemerides for the t ime of 

These resu l t s  a r e  a l s o  written on the scratch tape (See Table 7-3). 

7.3 Mode Zecord P rocesso r  

This section takes the r a w  shaft-encoder counts f rom the mode records and 

produces X - Y  coordinates in distortion-free image planes. 

7 .4  Horizon Section 

This program finds (on the scratch tape) the horizon data for each picture 

and f r o m  them computes roll  and pitch est imates .  F o r  each picture the horizon 

e r r o r  function is minimized sequentially in these two variables.  

writ ten on the scratch tape. 

attitude program using horizon data is shown in Figure 7-1. 

The resul ts  a r e  

A flow diagram outlining the sequence of events in the 

7 . 5  Landmark Section 

This program finds the landmark data for  each picture and f rom them computes 

yaw and rol l  estimates.  F o r  each picture the landmark e r r o r  function is minimized 

sequentially in these two variables.  

flow diagram outlining the sequence of events in the attitude p rograms  using landmark 

data is shown in Figure 7 - 2 .  

The resu l t s  a r e  written on the scratch tape. A 

7.6 Matchpoints Section 

This p rogram finds the matchpoint data for  each picture pair  and f rom them 

computes @ and X est imates .  

is  minimized sequentially in these two variables.  

s c ra t ch  tape. 

using matchpoint data is shown in Figure 7-3. 

For each picture pair  the matchpoint e r r o r  function 
max 

The resu l t s  a r e  written on the 

A flow diagram outlining the sequence of events in  the attitude p rogram 
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Table 7-3 

SECONDARY EPHEMERIDES 

Secondary ephemeris data a r e  in two distinct logical r eco rds  on the sc ra t ch  
tape - t o  be r e f e r r e d  to as  SECEPH and SECEPHB. 

They a r e  produced by subprogram NO. 2 ( f rom PRIEPH, the p r i m a r y  
ephemerides record) and a r e  written on the data tape immediately following PRIEPH 

SECEPHA 

SECEPHB 

1 A R C  (48 i tems)  

49 INC 
50 ANT 
51 ROL 

52 TOT 

53 CAM 

The argument  of the satell i te past  ascending 
node; for all 48 pictures  
The inclination angle of the orbit  
Time of ascending node 
The best  predicted value of ROLL 

The best  predicted value of TIME 

The camera  number 

max 

1 OTY 
2 OPTION 

3 ERP 
4 LAN 
5 CMEAS (10 i tems)  

15 
16 
17 
18 
19  
20 
68 

116 
164 
21 2 

TRANSX 
TRANSY 
RESCX 
RESCY 
THETA 
RSAT (48 i tems)  
ESTYAW (48 i tems)  
SPLONG (48 i tems)  
SPLAT (48 i tems)  
AZTONO (48 i tems)  

Number of pictures on the film s t r ip  
An option code work generated by the initial 
setting of the plotter switches 
The best  predicted value of a pitch bias 
Longitude of ascending node 
The coordinates of the five fiducials as  
read on the start ing picture;  x(fid. l ) ,  y(fid. l ) ,  
etc. ;  all coordinates a l tered by translation 
to make the sum of the x * s  and the sum of the 
y's equal 0. 
Note on 15-19: 
f r o m  the fiducial f i t  in P r o g r a m  No. 2 .  
Rescale X 
Rescale Y 

These a r e  the five p a r a m e t e r s  

Note on 20-212: These a r e  the radial  
distances f r o m  ea r th  center  to satell i te,  
estimated yaw, subpoint longitude, subpoint 
latitude, and azimuth to north for  each of the 
48 pictures .  

Additional Comments: 

1. 
2. 

3. 

Both a r r a y s  above a re  in floating-point format .  
OPTION is only superficially a floating-point number.  

A l l  angles w i l l  exist  in SECEPH in radian measure.  

Its middle twelve- 
bits a r e  a copy of the plotter switch settings and it will be tested by a Boolean operation. 

me te r s .  All t imes a r e  GMT. 
All distances a r e  in 
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r---- ESTIMATED ’ UNPITCH 
UNROLL - ATTITUDE 

I 
we fig.6-2 

I 
r 
CALCULATE ERROR HE 16HT 
FUNCTION F(R,P) INFORMATION 

SllL CURVE FIT 
ROLL FOR 

- 
OUTPUT FINAL 
ROLL, PITCH 

FOR FRAME 

~~ 

Figure  7-1 F low Chart Outlining U s e  of Horizon Data 
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RECORD MAPDATA w 

PROJECT TO PERFECT 
ATTITUDE PLANE 

-- 

REMOVE DISTORTION L 

4 
ORBITAL ELEMENTS 

PICTURE TIME 

I (REOUIRED LOOP 

I RECORD PICTURE DATA 1 

I 
I 

MAP ONTO 
CALIBRATION IMAGE 

CALCULATE ERROR 
FUNCTION, F(Y,R) 

1 REMOVE DISTORTION 

U YCANT 

SINE CURVE FIT 
YAW OR ROLLFOR 
+ M A X ,  

ESTIMATED 
ATTITUDE 

I PITCH 
I---- 

1 , 

r I 
OUTPUT FINAL 

YAW,ROL L,PITCH 

PROCESS NEXT 
FRAME 

Figure 7-2 Flow Char t  Outlining U s e  of Landmark  Data 
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UNCAWT 
UWPlfCH I 

I 
RECORD PICTURE 
DATA- FRAME f 

ASSUMED PITCH 
(FW. OF HEtCHlI 

MAP ONTO 
CALIBRATION IMAGE 

4 UNROLL 
UUW 

UNPITCH (FN. OF HlECHn 

f 
.r._ , Rt.YZ ESTIMATED ASSUWIWC R1,Yl ESTIMATED ASSUMING UWROLL 

+ M A X ,  A uwym +MAX, A 

I 
RECORD PICTURE 

MAP OWTO 
CALI BRAT ION IMACE 

4 
I 

A 
I 

PROJECT TO PLANE 

YAW ,ROLL, PITCH 

I * (REWIRED CALCULATE ERROR 
FUNCTION, F (+MAX,A) W P S F O R  I 

COMPLETED 

MMlWlZE F(+MAx,CX 1 L---,, 
(see fig, 6-2) 

SINE CURVE FIT 
YAW OR ROLLFOR 

+MAX, A 

_I ---- 

Figure 7 - 3  Flow Char t  Outlining U s e  of Matchpoint Data 
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7.7 Sine-Curve Fi t ter  

Three distinct l ea s t - squa res  sine curve fits a r e  per formed by this program: 

f irst ,  rol l  values f r o m  horizons a r e  used; then roll  values f rom landmarks;  and 

finally yaw values f rom matchpoints. 

a liklihood tes t .  

and amplitude, 

The most deviant point in each s e t  must pass  

If the tes t  fails, the point is rejected and the tes t  re-applied.  Phase  

and X , a r e  written on the sc ra t ch  tape. ‘max 

7.8 P r o g r a m  Output 

Figure 7 - 4  shows a typical output f rom the program.  On this run the 

operator  could not find useful landmarks o r  chose not to u s e  them. 

horizon data (Fratne No. 17) gave obviously faulty rol l  and pitch est imates ,  and these 

were rejected.  

One f r ame  of 
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::: :I: ::: AKAC,ON GEOPHYSICS C o s  :k ::: * 
TIROS WHEEL PHOTOGRAMMETRIC ATTITUDE PROGRAM 

6 / 6 / 6 5  ORB 1639 C A M  2 

HORIZONS 
FRAME GMT YAW ROLL PITCH PTS ITERS 

1 015509 . l E  20 -3.52 -18.33 4 2 

2 015304 .1E 20 -2.91 -18.22 4 2 

3 015053 . l E  20 -2.99 -18.22 4 2 

4 014845 .1E 20 -3.13 -14.93 4 4 

5 014640 . l E  20 -1.88 -18.03 4 3 

6 014429 . l E  20 -1.90 -17.30 4 3 

7 014221 . l E  20 -2.09 -16.78 4 3 

8 014013 . l E  20 - .83 -15.46 4 2 

9 013805 .1E  20 - . 08  -15.62 4 3 

10  013557 . l E  20 . 3 3  -14.41 4 2 

1 1  013349 .1E  20 .Lb  -14.10 4 3 

1 2  013141 .1E 20 . 9 3  -13.46 4 3 

13  012933 .1E 20 . 99  -12.72 4 3 

14 012725 .1E 20 1.60 -11.24 4 2 

15 012517 . l E  20 2 .32  -10.65 4 3 

16 012309 .1E  20 2.88 -9.50 4 3 

17 012101 . l E  20 6.65R -20.35 4 3 

18 011853 . l E  20 3.58 -7.32 4 3 

19 011648 . l E  20 3.48 -6 .73  4 3 

20 011437 . l E  20 3.53 -5.15 4 2 

m1 MAX 4 .4  DEGREES 

LAMBDA 191.8 DEGREES 

1 P T  (S) REJECTED 

F i g u r e  7-4a Horizon Output 
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.\RACON GEOPHYSICS CO. + 8 :x d, .*. 4, ,,..,. ~,. 

TIROS WHEEL PHOTOGRAMMETRIC ATTITUDE ~ 

6 / 6 / 6 5  ORB 1639 

M.41 CHPOIN TS 

FRAME 

1 

i 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

15 

16 

17 

18 

19 

20 

PHI MAX 

GMT 

015509 

015304 

0 15053 

014845 

014640 

0 14429 

014221 

014013 

0 13805 

013557 

013349 

013141 

012933 

012725 

012517 

012309 

012101 

01 1853 

01 1648 

NO DATA 

.b 

Y zw"' 
184. 12 

182.06 

184.35 

184.06 

182.23 

184.35 

185.90 

184.29 

184.29 

185.33 

184.41 

182.52 

183.95 

183.72 

184.52 

183.66 

180.86 

182.92 

182.35 

4.4 DEGREES 

CAM 2 

ROLL 

-2.68 

-1.04 

-2.12 

-1.65 

-3.19 

- .88 

. 12  

-1.56 

.58 

2.08 

1.91 

1 .85  

3.11 

2.64 

3.57 

5.70 

3.72 

5.93 

6.80 

PITCH 

-18.28 

-18.10 

-17.84 

-17.54 

-17.17 

-16.73 

-16.23 

-15.67 

-15.04 

-14.34 

-13.58 

-12.76 

-11.87 

-10.91 

-9.90 

-8.84 

-7.63 

-6.59 

-5.47 

YKUCiKAM 

P T S  ITFRS 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

2 

3 

4 

2 

3 

3 

3 

3 

3 

3 

3 

2 

2 

4 

3 

3 

3 

LAMBDA 198.8 DEGREES 

0 P T  (S) REJECTED 

Figure  7-4b Matchpoint Output 

:x After turn-around, indicated yaw values osci l la te  about 180° 
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APPENDIX A 

LISTING O F  IMPORTANT MNEMONICS 

A. 1 Fiducial  F i t te r  and Secondary Ephemerides Generator  

A .  1.1 Ar rays  

STFIDS Set of standard fiducials 

SEA 

SEB 

MODREC Mode r eco rds  

CSTND Standard fiducial f i t  coordinates 

CME AS 

FIDFI T Fiducial fit a r r a y  

Secondary ephemerides  - sec  A 

Secondary ephemerides  - sec  B 

Measured fiducial f i t  coordinates 

-4* 1 . 2  Variables 

RPD 

IF LIP 

IQTY 

ARGPER 

ECANOM 

FM.4V 

TPA 

SINROL 

SININC 

COSINC 

TPIC A 

ARG 

ASHCAN 

NPIC 

DFID 

THETA 

RESCX 

RESCY 

Radiance pe r  degree 

Image inver te r  option (for d i rec t  f r ames )  

Quantity of pictures  on fi lm s t r ip  

Argument of per igee 

Eccentr ic  anomaly 

Mean angular velocity 

Time of p ic ture  a f te r  ascending node 

Sine of roll 

Sine of inclination 

Cosine of inclination 

Time of p ic ture  af ter  per igee 

Argument of satell i te pas t  per igee 

Storage for i tems  read  but not needed 

Picture  number 

Distance betwe en fiducials 

Rotation angle of fiducial a r r a y  

X rescaling factor  

Y rescaling factor  

A-I 



, 

A. 2 Mode Records P r o c e s s o r  

A.  2 .  1 Arrays 

SW.qTH 

PE AK 

COEF 

XPRPT 

YPRPT 

MODPIC 

FLAT C 

CLATG 

X MFID 

Y MFID 

R3C 

RCG 

Map slide swath number 

Peaks of distortion removal curves  

Coefficients of distortion removal  polynomial 

X coordinate, principal point 

Y coordinate, principal point 

P r o  c e s s ed information f r o m  MOCRE C s 

Central  latitude of map slide 

Distance f rom central  to generating latitudes 

X coordinates of map fiducials 

Y coordinates of map fiducials 

Pole - c entral  latitude distance 

Central  - generating latitude di s tanc e 

A .  2 . 2  Vdriables 

NUMC 4M 

KFID 

XMAP 

Y M AP 

NX LID E 

HE MIS 

SIN2 13  

cos2 1 3 

NOPEA4K 

NUMPTS 

XROTCT 

YROTCT 

ROTANG 

Camera  number 

Fiducial number 

X of map landmark 

Y of map landmark 

Slide number 

North o r  south hemisphere 

Sine of longitude difference between map fiducials 

Cosine of longitude difference between map fiducials 

Number of distortion removal  peak 

Number of landmark points 

X coordinate of center of f r a m e  rotation 

Y coordinate of center of f r a m e  rotation 

Angle of rotation of upper picture 

A-2 



b 
t 
I 
8 
I 
I 
I) 
I 
E 
B 
I 
i 
8 
8 
1 
E 
E 
b 
t 

A. 3 Horizon Subprogram 

-2.3.1 Arrays 

ESTVAR 

RHOR 

REST 

PESTH 

RS 4 1  

RTHEOR 

vs 
cs 
I S W  

A. 3 . 2  Variables 

COUNTR 

DELTA 

VALNEW 

VALMID 

VALOLD 

DIFNE W 

DIFOLC 

A. 4 Landmark Subprogram 

A.4.1 Arrays 

YRESTL 

PESTL 

ESTYAW 

SPLONG 

SPLAT 

AZTONO 

FLMLAT 

FLMLON 

SCANT 

CCANT 

Estimates of attitude pa rame te r s  

Radial distance of horizon points 

Roll estimates f rom horizons 

Pitch estimate f rom horizons 

Ea r th  center-satell i te distance 

Theoretical radial  distance of horizon points 

Sine of given attitude variables 

Cosine of given attitude variables 

Chooses variable to be improved 

Subscript for e r r o r  function samples 

Constant sa mpling interval 

Latest  sampling of e r r o r  function 

Next to la tes t  sampling of e r r o r  function 

Oldest of three most r ecen t  e r r o r  function samplings 

V ALNE W -V ALMIC 

VALMID-VALOLD 

Yaw estimates f rom landmarks 

Pitch estimates f rom landmarks 

Estimate of yaw 

Subpoint longitude 

Subpoint latitude 

Azimuth to north 

Landmark latitude 

Landmark longitude 

Sine cant angle 

Cosine cant angle 

A-3 



-1.4.2 Variables 

RLM Radial distance of landmarks 

A.5 Matchpoints Subprogram 

A. 5. 1 .Irra.ys 

SINA RG Sine satell i te a rgument  

COS.4RG Cosine satell i te a rgument  

ROTRIX Rotation matrix 

A. 5 .2  Variables 

ROBJSQ Square of object-space point radial  distance 

-4.6 Sine Curve Fit  

X.6.1 Arrays 

TOP 

DENOM 

A. 6 . 2  Variables 

NOVALS 

NVORIG 

AMPL 

K 

DSQMAX 

SDEVSQ 

DEV 

DEVSQ 

RARITY 

ROLMAX 

ARGYMX 

NORJPT 

Numerator of fractions used to compute amplitude 
of sine curve 

Denominator of fractions used to compute amplitude 

of sine curve 

P r e s e n t  number of values being sine fitted 

Original number of values being sine fitted 

Amplitude of sine curve 

Translation constant of sine curve 

Maximum of deviations squared 

Sum of deviations squared 

A given deviation 

Square of deviation 

Probability of occurrence of given datum 

Maximum rol l  

Argument a t  maximum yaw 

Number of rejected points 

A -4 



A .  7 Output Subprogram 

A - 7 -  1 :\rrays 

E Eccentricity 

MON Month 

NDAY D a y  
NORB Orbit number  

NCAM Camera number  

A 7 2 Variables 

REFARG Reference satellite argument  

LREF Reference angle in radians 

A-5 



I 
E 
U 
nr 
c3 
0 
a 
n 

W 
A 
3 
I- 

e 
c 
< 

V 

- 
- 

lx 
c3 
0 I 

Tr 
w E a 

3 
i7 
7 

(r 
C L  
111 0 II !L! 

(3 
4 
J 
rl 
c 
vl 
> 
UL 

Lz 
0 

F 
w 
I- 

a 

a 

-I 

w 
7 
I c 

li 
a 

c1 
h 
h 

O h  Y 
inh Y 

E 
w 
n 

000 00 0009 0 0 0 0 0 0 0 0 0 ~ h 0 0 -  
0 - 0  00 0000 0 0 0 0 0 0 0 0 0 ~ k ~ l n -  
0 0 0  0 0  03041 0 000000030h0-0 
0 0 0  00 0 0 0 0  0 0 0 0 0 0 0 0 0 0 h 0 N 0  II 

- f w  M J r n S  h O - - N r ) * l f t . O h  O - N T )  - -  - - - -  - NNNP\ IN( \ ICUP\ I  rn~nrntn 
0 

0 00 0000 0 0 0 0 0 0 0 00 0 0 0 0  
0 00 0000 0 00000000 0000 

- 
S 

B- 1 1 



C 
W C U  
a - x  
c m w  

z 
G t  
m o o  

0 0 0 0 0 3 N  
0000960 
0 0 0 - o m -  
0000 O h N  

t A - 0  O - - N  
m a n u ,  000 
000 - - -  
000 0 0 0  

hl 
d - - 
u 
X 
W 

0 
0 
v, 
h 

Y) 
0 

0 

0 
CJ 

z 
a 
-I 

0 
(v 
1 
0 

m 
0 

0 
- 

-00 
m o m  
O N -  
.*" 

+ h  
- M  0 z 
- 0 o z  - 

t 
3 

z a 
L. 

v u  
00 

B-2 



h 
h 

z 
In 
m 

h 
h 
h 
0 

h 
P) 

0 
- 

m u  
c o  

43 
h 

n 
I- 
U-I 

9 
h 
0 
6 

h 
ln 
0 
- 

rn 
t 
VI 

0 
0 
r) 
4 

0 
9 

0 
- 

1 
c B - 3  



B-4 



- - 
N 

U 
0 
J 

CI) 
Z 
0 
U z 
e 

0 
0 
N 
N 

N 
it 
N 
0 

-3 z 
0 

* 
z 
O 

u I 9  z z  
0 0  
u v  z t  
C I C .  

- m m  M O M  v i m -  - h * 0 4 
- 0 m 0 0 - - 9 m - a 9 - - - 0  
( v N U N N - Q O - 9 0 M h M  
0 0 0 9 N O h h O h m a 0 9  

0 - 
Z 

-I 
n 

0 

it 
0 

- 

- 
9 
N 
0 

h 
Q 

t- 
VI 

h 
9 
0 
4 

N 
9 
N 
0 

0 0 
U V z - - - h Z  
- O h h a -  

0 0 - - h -  
- 0 h h 9 -  
( v 4 - U & u I  
* o & m l n o  

M ) f l n Q h O  
9 Q 9 9 9 h  
N*IN(vN(v 
000000 

O h - - - h O  
0 . O C I ) h Q - i  
0 4 0 o . . i o  
0 I n O N r ) O  

- N M i t t n S  
hh-hhkh 
(v(vRI( \ Im(v  
000000 



h 3 0 \ - o N 0 0  
-t k 0 G h 0 I\ 3 In 
0 ~ - 0 0 - u l - 0  
-3 -t M 0-t h O h  0 

h C - - r \ ) ? J & n a h  
h 3  0 000 0 0  0 
NrnMK)P)’?MlqIC) 
0 0 0  000000 

LI 
t 
L L  

I h  
W A D h  

c 

- O h  
* 3 h  
900 
000 

0 
c - I  
VI C’ 
Z u h - o C  
- s  * h r c , \  

0 4 h - 0 0  
h 9 -t h m h 
* - o o * o  
o-n l *o - t  

B-6 



L 
a 
0 
V 
z 
I 

u. 
-i 
w 

N 
N 
0 
9 

N 
4 
M 
0 

Y 
Y 

a 
n 
3 

N - 
i - x  I 2 
J v ,  V W W 
5 3 2  4 - 2  - IC: Q M 4 0  Y 
F C - 0  5 . C - C Q  h h m h u  Y 

c n 

0 0 0 M 0 0 4 0 0 0 l n 0 - - 0  
O ~ M h h 0 9 - - 0 ~ 4 0 0 0  - Oh -t 4 O - - - O  Q O m 0  
h 0 0 0 0 0 - Q h 0 0 0 0 0  

0 -  C 

u - l a h o - N m * L n o h o -  
9 Q Q h h h h h h h h O O  
M m m M m W m M m M M a I  
0 0 0 0 0 0 0 0 0 0 0 0 0  



LI! 
2 1  
G U  

- 
ci- c 
n CL c. 
V' -I J 

h z 
3 

C M O * - ! ? -  
i n h O . L ) - t l n h  
3 0 0 - 0 0 0  
a - 0 - O h N  

~ r ,  3 pn a h  o 
0 0 0 0 0 0 -  
d * * j - ? * d  
0 0 0 3 0 0 0  

h 
4 

0 
I- 
In 

k 
4 
0 
4 

M 

d 
0 

- 

o o o c ) - o  
O O h O h O  
* - * - a -  
0 4 o - t o - t  

- j t ~ ? Q h O -  - -  - - N N  
t d - t 4 - t . t  
o o c ) o o o  

N 
h 
4 
0 

N 
N 
3 
0 

M Q k 9 m N - O - l n 9 M O O -  
M * d * 0 0 0 * h t ~ O h 0 0  
- t 0 0 4 r n h ~ O O O O h 0 - - 9  
0 It N M 9 0 9 P) -3 d i V  0 d h 0 

3 
I 
I 
1 
I 

1 
1 
1 
I 
3 
1 
I 
1 
I 
1 

m 

1 
I 

B-8 

I 



Y 
Y 

> M - W 
00 < t w o  rr N N N 

lY 

7 
a 

B-9 



d 
c 
4 

G 
0 7 
h -  

o m  
lr-l 
u n  

(-4 
0 
t- 
z 
e 

49o--CVo 
O h  0 o o a  0 
N O - n k - W N  
0 In b- 0 h 0 N 

C V M  3 tn c I-. o 
o o o o o a -  
l nLnw.J lLn ln*n  
0 0 0 0 0 0 0  

m 
9 * 

N 

-t 
z z  
- 4  

L L  L' 

Z - J  
n o  

4 
Z - 

-0.000- 
- O h 0 0 1 3  
- N - - - N N  
Q N O 9 N O  

m * O h o - - N  
- - - - " N  
I n m l n m L n l n  
000000 

N 

- 
Z 
I 

LL 
n, 
7 

P) 
0 

Q 
- 
13 
N 
Ln 
5 

-c h 
t Z 
4 0 
C' C' I- 

Q Z  z c  
h -  --(I 

O Q Q O - -  o o N o o * l n o -  
O N h 0 0 0 - o . G M 0 l n N 0 m  
N N O - N - - Q N * - - N * - N *  
N O l n h O h O N O Q N O S N O  

m tri &In ln ln n m m m m In In m m 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  

I 
1 
I 
I 
1 
1 
1 
1 
1 
J 
1 
I 
1 
I 
1 
E 

B-10 



0 
a 

W 

J 
n 

a z - 
0 
0 
(v 
N 

4 
-t 
m 
0 

N 

o m  
ZLL 
- 0  

LLO 

Z J  
pun 

0 z 
c 

h 0 0 4 0 m -  
- o m - - 0 9 -  
- c v n t - - ( Y - -  
Q N 0 Q M 0 9  

m m m l n v t l n l n  
O O O O O O O  

>. 
U 
0 

w 
D 

0 z 
c 

n 
0 
m 
I 

< in 
t z 
U O h  h 

0 z - u 
0 
m 

B-11 



0 
V 

VI 
- 
N 

c. 
m 

P) -3 In 0 h O -  N M  
0 0  o s o -  - - -  
9 0 . 0  G 9 0.0 Q C  
0 0 0 0 0 0 0 0 0  

6 
t 
0 

h 
h 
Q 
r. 

v, 

0 
0 

- 

e O C Q 0  M O  
a o x c > a - - b , m  

o o n - o - - h h  or) 

Z Z I -  CL DQLLU 
t b - - 3  z - 0 a l 7 x  
000 - 4 m w w  

m 
ffi 
a 

- . 

r) 

C> 
m 

B-12 

a 
I 
1 
I 
1 
1 
I 
I 
1 
I 
1 
I 
I 
1 
I 
I 
1 
I 
I 



I 

I 

8 

h 
h 

0 
6 
a 

h 
h 
a 
m 

9 * 
9 
0 

I 

L 

d 
C 

X 
-7 z 

h * 
h 
9 

h 
-t 
9 
0 

0 
0 
P) 
M 

U 
X 
W 

9 

0 
m 

0 
0 
In 
h 

0 
In 
9 
0 

v, 
4 Q 

m 
6 

0 
Q O h h 4 ) O M O  

C O O c l - - 6 n o - - Q a  
m o m m m o m o  

In 

0 
m 

m 
t- 
ln 

.8 

0 
m 

0 0 0 0 M 0 ~ l n h 0 m 0 0 0  
0 000 - 0 4.. h 0 0 -  0 Q 4 
M t . 8 * M - # Q N - e N Q M  
M h h h h O h O h O Q M O I  

ys) 

0 
m 

6! 
w 
z 

9 
nl 
m 
9 

h 
9 
9 
0 

ln 
h 

4) 
m 
0 

In 
h 
0 
0 

0 
h 
9 
0 

0- 
v u 0  

InVI- I  
- o n  

t 
W 
Q 
z 

a -  
h X  

n u  
t n  
ln-l 

h 
z 
0 
U 

M Z  
c n -  

n u  
c n  
I n A  

h z 
m c. 
n X 

- i U F i J U l Q h O - C V M t I n  
h h . ~ h h h h 0 0 0 0 0 0  
9 9 9 9 9 9 Q h h h h h h  
O O O Q O O O O O O O O O  



0 0 - o m - 0  
-0oou-l-nJ 
4-04 - - 0 4  0 
0 4  O N  0 4  0 

9 L O -  NT) 4 oo----- 
h hh h h h  h 
00 00 00 0 

0 

z 
-1 
n 

0 
0 
4 
0 

m 
h 
0 

- 

0- 
V I \  

V I 2 0  
c O t  
V I J V )  

00- 
O M h  
m a 0  
- t o 4  

O h 0  
- - - N  
k h h  
000 

h 
- 9  

z o u  
V t X  
J V I W  

V 
X 
w 
z 
X 
- 

- b o 0 0  
0 9 0 0 0  
m o m 0 9  
O 4 h O h  

- - N p I * l n  
““N 
h h h h h  
00000 

4 
4 

z 
VI 
rn 

.j 
U 
h 
0 

9 
(Y 
h 
0 

m 
U 
c 
0 
c 

0 

W 
II 

a 

h O - N V I 4 ~ Q h O - N M Q m 9  
n J M m P ) m m m m P ) 4 . j 4 Q * t O  
h h h h h h h h h h h h h h h h  
0000000000000000 

B-14 

I 

1 
1 
I 
I 
I 
II 
I 
I 
I 
1 
I 
1 
1 
I 
1 
I 
I 

a 



W 
0 51 

0 
0 

N 
- 
h 
-5 
h 
0 

0 
0 

0 
- 

0 
m 
h 
0 

0 
-f 
w 
X 

0 0 
(v N O  - - 

0 
0 

* 
- 
v) 
h 
C 

B-15 

0 
0 

N 
- 
0 
h 
h 
0 

0 
N 
(v 
0 

- 
h 
h 
0 

hl 
> 
z 
0 
V 

9 0 0 m Q - h  
N - L n 0 0 0 -  
O O N a N k N  
-5cv*o*o-5 

N r ) * l n S h O  
h h h h h h O  
h h h h h h O  
000000- 

N 
-? 
M 
P) 

V 
X 
w 

0 
0 
In 
h 

- 
0 
0 - 

4 
x 
LL 
X 

t 
3 
0 

- 
a 
3 
-I 
X 

N - 0  
-530 
P ) m o  
m h o  

N M - J  
000 
000 - - -  



8 
1 3 

I 

M 

a Y Y  Y Y  Y Y  
> >  > >  > >  h 

0 
h O  
h a  

o u  
U - I  
o a  

0 
0 
0 
CJ 

V 

U 
n 

l n G  
h C  h h -- h M 

z z  z z  z z - l  
0 0 ~ 0 0 ~ 0 0 4  
U V h V V h U V ~  

-t 
h 

v1 
h O  

z 
D 
-l 

I 

1 - 0 
u a  U O Q Z  
- z  - - o w n  
In- Ir l - I - lJ 

1 ~ 

a 
a w  
3ul- z 

W 
VI 
X 

LLhE 
x - a  

I 0 0 9 0 0 In 0 0 0 N h IC) 0 In 0 
- - h - - h - - 0 9 * 0 0 h 0  
- d 0 - - ? 0 - 4 9 Q h C J O O *  
* m N 1 l n N * l n r 9 0 9 9 0 0 0  

O h O - h - k  
N M O N h - 0  
O N - 0 0 - C Y  
O h O O C V O O  

o - t o o o  
- h O O O  
- 0 - O N  
O - t C J O -  

O h O h O O  
O h O O O O  
O O C Y O N O  
u M - * M N  I 

knnShO--NM 
000---- 
0000000 - - - - - - -  1 

1 B- 16 

I 



w 
7 

v) 
f3 
[L 
0 
V 
w 
n 
> i LL a 

0 
w 

W 
I- - 

0 
0 
N - 

LL 
8- 
5: 
3 
CY 
a 

U 
I- 
n ui 

U 
n 

c r o  
h r c l  
h u m  

0 
LI 
t 
VI 

LL 
X 
W 

N 
E 

U. 

CI 

a 

8 
0 - - h  
O O N  
- - m  
- ? O h  



m a  
Z I - M  

o m o c l - r 9 - t  
.to..Y-o-- 
I c ) L n N O 9 0 0  
0.0 N 4 0 4  -t 

c 
7 

7 
0 

V 

Lu 
I- * -  

* ( Y  
4 

0 
h 

- N  

U 
t u  
T O V  
x o w t -  
( L u m w  
u - ~ n  

0 
t 
m o l  
u 9  
I nM 

U 

n 
z 
IU 

In 
v) 

w u  
-10 
z w  
3 

N 
E -  
E -  
r r h l  

u u  
rux 
z w  

LL 
I- 
E 
x 
OT 
LL 

O O N - 0  
N 0 . 0 - 0  
o a m - m  
N M O Q h  

B-18 



1 
8 

N 
.c! 

N 
- 

v 
X 
W 

LA 
3: 
w 
a 
CL 
U 

0 
0 
In 
h 

M * - - 

z 
6 W  

t-04: 
crnc - m v n  

N 
2 0  
c- 

0Q;t 

0 

VI+ 
L L C ,  
Klh 

t-a 

n a  
n a  
-13 

O - O N O O M  
0 - 0  O N  0 0 
* Q l O - O - I n  
04haNh-  

- 

B-19 

h 
h 

z 
J 
a 

h 
h 
N 
0 

0 
9 - - 

Y. 
V 
< 
Q 

0 z 
< 
Q 
4: 
W 
cr 

m I -  
n c? 

J V I  a 
0 
0 
rc) 

V 
0. 
J 

A 

W 
ix 
W 
x 
-c 
fx 
K 

> 
I- 

X 

a 

- 
a 
n. 

0 
O b  
3v) Y 
x u  lY 
LLII ‘5: 



I 
I 
I 

[L 
c 
c 
n 

X 
Q 
7 

0 
t 

0 
' T  

v, 

m 
D 
Vl 

0 M r ) M r ) h O  
00-0--0 
- l n a ; r o m 9  
h - h o m a h  

m t  
o u  
(A 4% 

L L u m  
t z u  
In-7 

m M 0 0  
0-00 
m N a -  
- * A h  

r-4 
l r  
0 
(A 

t u  
3 4  
ZCK 

m N v 9  
0-0 
m - N 
-00 

B-20 

N 

c3 
VI 

m 



z 
W 

Q 

I l l  
[L 

4 

n 
I-? 
0 
v 
W 
CT 

I- 
X 
UI . - 

u 
0 

0 
4 
w 
T 

VI 
0 
(I 
0 
V w 
a 

c3 z 

w 
3 
t 
iu 
m 
R: 
W 

4 
W 
-J 

W 
II 
0 
2 
CI 

n 

- 

0 
W 
b 

n V 
w w 
I- c 
t W 
0 d 
CL 
VI W 

c3 
W 0 
0 V 
0 
W W 

VI 
c 4- 
Z (L 
W w 

E 
LL 
tn 

V t 
w vl 
X a 
5 _I 

W w 
VI tn 
-2 4: 
lr tY 
w W 

N 
a Lz 
LL LL 
VI v) 

P) 
CL 
U. 
VI 



X 
X 
K) 

'X 
U 
VI 

i- * Z 
iL - 
LL LL 
v, v) 

N N  
Y Y  
LLLL 
ulln 

C Q  
I-0 
m u  

N 
c 
z 
LL 
VI 

- 

h - 9 O m o  hh h 
N O  - - m o  9- - 
U l Q - - t r n C U  eo* 
Q O ~ U I G N - ~ L ~ I  

Y 
V 
w 
f 
u 
P 

U 
7 
w 

- 
h 
0 
9 

r) 
0 
M - 

N 
Y O  
LL.C 
v ) m  

- v  

J J  
o n  

W 
V 
2 
4 
> 
n U I  

ul 
rY 
W 
> 
LL 
m 

U 

m 

M 
0 

LI 
LL 
v) 

LL 
LL 
VI 

U d  
U L  
v)v, 

E 
n 
0 
L L  

U 
0 

t 
0 
z 
vl 

m w  
LUG 

o w  
n o  

p\r 
+ I -  
T Z ; t  
0 - C J  
m u 0  
4 - u l  N 

c\1 
m 
a 
LL 
v) 

B-22 

0 
0 
N 
N 

N 
P) 
M - 

I 
8 
I 



t 
V 

t 7 
3 4 
0 Q 
W W 

c 
z 
W 

< 
m 

4 -  
N -  
O N  
N - 7  

n 
d 
-J 

hl 

0 cu 
- 

Y 
V 
w 
I 
V 

z 
U 
V 

a II 
t V 
t In - 
fr n 
0 

N , M ,  
m 
0 u. 
v) 



I- 
3 
0 
!L 
n 
> + 
ff 
C 
r 
cr 
U 

N - h O " 0  
k - h O - -  0 
9ocv--9oLn 
9 N O - 3  - Q h  

n I-> 

- r n h N O  
O N N O O  
4 ; t O N O  
h h N S O  

B-24 

UJ 
UJ 
m 

U 
I 

I- * m 
u. 

t + 

E 
u 
n 

I- I- 
VI VI 
c t- 

CK Y 
w VI 

.c n 

cj 
a - 
Y 
vl 

I 
I 
1 
I 
I 
1 
I 
I 



l n m m  
- 0 -  
- u o  
-ram 

CI 

0 
3 

Z 0 
0 w - t 

a 

UI > 
> f 
7 0 

N 0 

a 
w 
c 
L 
3 
Q 
U 

m i n  
C L U  
w w  



c 
ir 
0 - 
I 

t- 
X 
w 
z 

z 
0 

N N M M  N U  
Y O Y  Y Y Y Y U  t- 

r-r 
vl 
LT 
t 
u 
a 
n 
z 
Lu 

-Y 

t- N 
\ ,  x 
a m  I- 

Y C  7 
C L v l  % 
7 u. 

t- I- 
7 rn 
o n  UI 

- 

0 0 0  
h t- + + E  
h w l > v l > v l t -  
h C ~ t - W I - - U V  - h n a n a a a  

Q 
t- 
V 
a 

c3 
W t 
CL u1 
4 a 

-tul-*Nrnr9,ln pt * m u  - m  - h N-N--Cllh O O - h M O N O  
- N - o - o -  0 - - a  O N  0 h N - N - N O  0 0 0 h 0 0 4 0  

4 N M O U O m  0 h -  h h 4 ( V - - - t N S  N O h h - t h - h  
- o m - - - j o  4 0;tu-l - -  - h 0 0 4 0 0 9  N O - - h M t f l - - . O  

B-26 



1 
1 
I 
I 
I 
I 
I 
8 
1 
1 
I 
I 
1 
8 
I 
I 
I 
1 
e 

W 
2 

c 
t 
w 
In 

Y 

- 

a 
rY - 
n z - 
UI 
CK 
0 
c 
v1 
W 
Y 

X 
0 
(r 
n 
W 

F 
I- 

cr 
- 
a 
LL - 
a 
5 
13 
7 

0 
rr 
0 
U 
W 

E 
w 
I- 
7 
3 
0 
V 

VI 
W 
L 

e 
.o 
CY 
W 

cr 
c 

- 

- 
U 
< I- 
a W 

Y 
V 

v) a 

0 
I- 
v) 
t 
W 
a 

c 
W 
m 
W 
6K 

U O  
W - t  

Y E 0  

0 
it 
0 * 

V 

A 
n 

0 
0 
N 
N 

-r 
N 
In - 

a N 
vl t - N  
Y w -  
m - a -  

o w  
w w  
W E  
4 6  

6 m m  
2 7 7  
-a z 

Y 
a 

U 
w 
7 

In 
0 

5, 
- 
M 
N 
a - 

0 
N 

z 
c3 
4 

0 
N 
9 
0 

rr) 
it 
In - 

a u;t N 

ILK 
-trY 
a w  

u m u  
c 7 n  
I n z m  

+ 
w 
VI 
W 
lx 

Q 
II, 
Y 
m 

Y 
a 

09 m O O N  0 
4 0 - O U O O  
O n l h 9 O N O  

M O - 0  
O N N O  
N O - 0  
; t O N O  

O - - ( V M ; t n Q h  
I n l n m l n l n l n m c n  

B-27 



h 
v , c  c c  0 

n 
3 

1u v z w 

h O O O O O O  
(3000000 
0 0 0 0 0 0 0  
0000000 

c) 
-1 
U 
> 
c 
a 

0 
0 
0 
0 

N 

0 
- 
- 

0 
0 
-t 

- N  

U 
3 

U L L W C -  
t - C I Y W  
CI m - r a  

n 
0 
N - -  

N 
ut 

Z'LLLt- [L u c  DI Z G U I -  !x c 
Q-IXI I  a x 3  a u t x 3  a o 
J W W O  7 w o  -l - J l n U I O  7 a 

N 
E 
3 
c 

B-28 



m u  
7 x  
z w  

9 
0 
h 
9 

m 
-* 
9 - 

U 
t 
m 

0 
0 
rF, 
h 

-7 
-* 
9 - 

t 
W 

o n  

ZLL 

0’) 
t a  

I9 
M 

4 M  N 
- 

t 
w w o  cs z x  
Q X -  0 0 - 0 - o o - -  
4010  5 7  z z  

cn 0 - - 0 - 0 0 m 0 N 0 0 9 0  
N -  O h 0 u 0 0 - o l n 0 0 m 9  
IA o - ~ o o o o m o m o o m ~ n  
0 0 0000000000000 

4 ul Q h 0  O - N M f l n 9 h  
0 0 0 0 0 3 0 0  Q 9 9 9 h  

9 9 Q Q Q  00000000 

B-29 



- o M - - - J * A  o a o m m - 0 -  o ~ o o o o m o - o - - 9 o m - o o  
O l . . h O h h 0 0  thT)N(V--J;r 0 h 0 m h & O O  0 - O O - O Q - -  

- - t t n m m l n m  o -t o m a m o w  o m o o o o ~ m o o ~ ~ o ~ ~ o o  
0000000 0 0 0 00000 0 O O O O O O O O O O h O O h O O  

o - - c u m a m s  h 0 - N r - I - i l n P  h o - N m t t n 9 h o - m m - T m a h  - - - - - - -  - m cu "cu" N m m m M m m r - I 4 n t d t - - J d * Q *  
0000000 0 0 0 00000 0 0000000000000000 
0000000 0 0 0 00000 0 0000000000000000 

B-30 



;t 
c a  
0 O h  

M 
4 
0 

c3 
[L 
a 

0 
0 
0 
0 

0 
ul 
0 
0 

0 
0 
0 
0 

- 
ul 
0 
0 

N O - t h O h  0 4 N P ) M u l O N  
u l O P J h 0 0 0 0 - 0 h 0 0 0  
- 0 m h 0 0 0 0 M O - 0 0 0  
O O O h O O Q O Q O O O O O  

P) 0 - N M - 3  u l 9 h O  
1 A d 3 ~ ~ ~ 9 9 9 9 9 9 9 9 h  
00000000000000 
00000000000000 

B-31 

9 
0 
0 
0 

N 
h 
0 
0 

u l - - 0 0 0  000000 

N O N O O -  000000 
000000 

- 0 m o o o  000000 

m - t u - l a h  
h h h h h  
00000 
00000 

000000 

0 - N i n M . 0  
0000-- 

000000 
- - - - - -  



0 

- 1  :r Lr 

Q 
+ 7 x u IL LLI 

- > - z o o  
- c  U 
1 * - m  I - C O  

- 
Ip 
i- 
3 

7 
n - 
Lu 

> 
I- 

a 

o 
CY 
w 
- 

a 
X 
0 
3 
n 
a 

VI 
cn 
m 

0000000 00000 0 0 3 0 0 0  0 000000000000000 
0000000 00000 000000 0 000300006030000 
0000000 00000 000000 0 o o o c o o o o o o o o o o o  
0 0 0 0 0 0 0  00000 000000 0 000000069003000 

- 
B - 3 2  



13 
0 

0 

0 
0 
0 
0 

N 
0 
t 
0 

0 

0 
0 
0 
0 

M 
In 
t 
0 

2 cr 
1 3 y 1  
z z LU -+  
r c -  
W J 

- e+ 
K -14  
I- a m  

I- 
VI 

a 
>- 
I11 
I- 

O 
z 
4 

u! 
t 
m 
Z 
0 
u 

IA 
111 
a2 

- I C  C 

C C K  Y 
a 0  a 

o o o ; t o o . t  
o o o - o o -  
0000000 
0009009 

Z W  
w u l  
c r m  

- I 

o w  t 
+ C K  X 
W V  v, 
Z Z  

0 o o m . Y o  
O O O O h O  
000000 
o o m o o o  

0 

0 
0 
0 
0 

0 
0 
In 

0 

0 

r4 
e 
X 
IA 
Z - 
0 
0 
0 
0 

- 
0 
ul 
0 

90 
M O  
00 
00 

Nn 
00 
lnul 
00 

lil m In ii m m In ln In In 
0 0 0 0 0 0 0 0 0 0  

B-33 



8 
8 

8 
8 

- -  
I :  

x x  

- -  
I I  

> >  

> 
0 
< 
0 
-1 (r 
Y U 

B- 34  

I 
I 
1 
I 



I 
I 
1 
I 
1 
I 
I 
I 
I 
1 
1 
8 
I 
1 
8 
I 
8 
I 
I 

M 
h 

0 
I- 
11, 

M 
h 
0 
4 

- 
9 
m 
0 

h 
h 

0 
0 
-I 

h 
h 
0 
N 

N 
9 
M 
0 

a 
h 

0 
t 
v) 

;t 
h 
0 
-Y 

Pl 
9 
M 
0 

(A 
c 

v) 

I 
I- 

- 

- -  - 
I (  

> >  
n n  

z 
VI 
1 
CA 
Y 

h h N S O N - - t n l O *  

.i 
Y 

0 
0 
U 

0 
m 
-t 
m 

- 
0 
.D 
0 

Y 
Y 

- 
0 
-I 

0 
m 
N 
- 
N 
0 
9 
3 

- -  
I #  

X 

< 
0 
-I 
Y 

n 

a 
n 
7 

z 
v) 
I 
v) 
Y 

Ly 

7 
a 

0 
10 
(no 
Y -  

!- 
3 
0 

3 h 0 0 - O N O i n O h . 0 0  
- - h N N N 0 0 0 0 0 9 ~ 0  
- 0 o m - t m P l - m - o m -  
o m  09 a h  M h  O h  a h  0 

B-35 



3 

z 

P G W h 0 C CL 
Y - Y h 7 - W  

c: 
n 
a 
w 
I 
Ixi 

r-4 

X 
(L 
0 
t 

- Y  

- 
LL 
7 

0.0-0 
0 * 3 m  
- 0 - 0  
4 - h -  

z 
a 
t- 
Ut 
Lz: 

- - Y  

- 
U. 
7 

09- -h  
0 ; t O ; t  - o - -  
h - h -  

B-36 

M 
0 
M 
P- 

V 
X 
w 
lY 
t 
LL 

I 
v) 

- 

0 
0 
m 
h 

- 
j. 
Q 
0 

r’ 

0 

N 

0 
1 
ul 
Y 

M - r n  
O M h  
M r l O  
M 9 0  

N i? -t 
-?*a 
9 0 6  
0 0 0  

c 
J 
3 
2z 

> 0 
a c  0 
T C h - f O  
Y - h h - t  

L9 

x 
Y 

a 

0 N O l n  0 - - 0 h -t 0 0 
0 M 0 0 0 0 N O h h 0 0  
- l n - ~ m M r - l - o Q N O  
h 9 h a h M h o r v - -  -t 



z 
c3 
cn 
Y 

n 
t 
Ln 

-t 
In 
0 
;t 

9 
9 
0 

(v 

(v 
h 

- 

N 
9 
9 
0 

0 k k 4 h o - ? - - ?  
0 h O l n h - h O ( \ l  - O N O O M O - - 9  
0 N O r n - ? - - l n h O  

M 4 0 9 h O - m M  

0 00000000 

0 9 9 0 6 h h h h  
9 9 9 9 9 9 9 9 9  

N O N 0  
h o m 0  
0 - a m  
0 h O h  

-t l n O h  
h h k h  
0 999 
0 000 

I- z z z  lz I- n o  
3 k - t k  h 3 n u  
0 000 7 0 A m  

0 -t m o o 0  o m  9 O - t h  
0 ;t h O O O  0 0  M O h h  
rl rl 0; t - t - t  - 0  M - 0 3  
M h O k h h  h O  h OCJ- 

0 -  N M - t l n  a h  0 - I u m  
0 0 O Q O O  0 0  - - - -  
h h hhhh h h  h h h h  
0 0 0000 00 0 0 0 0  

B-37 



c u -  

TT C’CL n c : z o  
n c z  z o n u  
J V I -  - J J C  

h 
h 

n 
t 
v) 

h 
h 
0 
-7 

In 
N 
h 
0 

X 
C 

0 
-I 

C C C Y  

z 2 z a  

0007 
t t - c a  

> 
-I C 
> < 
- o > >  C 
O O C O N l n  -i 
Y - Y Y h h  Y 

- X 
0 
4 
0 
-I h - Y  
Y h h  

I 
I 
I 

h O - N ~ Q m Q h O - W M d O Q  h O - - r J M - f t n  
N M M M M M M M M t * Q * * * *  t l nu - lm ln lnu - l  
h h h h h h h h h h h h h h h h  h h k h h h h  
0000000000000000 0 0 0 0 0 0 0  

B-38 I 
I 



I 

I 
I 
I 
I 

a 
- 
C 
c? 
4 

L L  
7 
h 

it 
P) 
cu 
9 

h 
ln 
h 
0 

- 
.c 
)r, 
r-J 

U 
x 
W 

m 
3 
I/) 

0 
0 
m 
h 

0 
9 
h 
0 

M N  A P )  * 
c o n  a n o  I3  

4 - 4 h h  <thb-hh--4 
n o n m h n o n o o h o a  

- ~ o h l n h n J o P ) o o h o -  
0 9 0 Ln h h P) h UT 0 h h - M 
~ P ) - M 0 0 c u 0 ~ - 0 0 P 4 0  
P ) h O h o N - 4 h o n J ~ 3 9  

- - N t 9 4 ~ Q h O - - N M ~ l n S  
9 6 9 9 Q S Q h h h h h h h  
h h h h h h h h h h h h h h  
00000000000000 

h 
h 

0 

-I 
n 

h 
h 
0 
N 

h 
h 
h 
0 

B-39 



0 
0 0  
C h O  
- k *  

c u  
JJ 
oa 

-I 

c3 
n 
< 

r) 
o c  

h 4 -  
c n  o 

o n  
c :z 
v. - 

O h 0 0 0 - 0  
O h 0 0 h N O  
- 0 N O O N -  
O N -  * * h  0 

0 
h 

0 
0 
J 

0 
h 
0 
(v 

0 
rJ 
0 - 

h 
h 

0 
6 
fr 

h 
h 
0 
In 

9 
-N 
0 - 

I l l  

0 
-r 

X 
A - -  h CK 
o c m  h 0 

h a a a = ~ ~ m  h Y Y C O  m c  
h h d U 0 h h  - h  Y Y Y Y  h Y  

X . .  
N M  Ly 
nn  0 
nn  I- 
a <  Y 

B -40 

I 
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 
I 
I 



Q 
Y 

n 
0 
6 

m 
m 
it 
m 

h 
m 
0 - 

9 
h 

n 
n 
-I 

Q 
h 
0 
N 

0 
9 
0 - 

h 
0 

O h 0  
Y h 4  

n n v  
o a n  
4 A - l  

c) z 
x x  n 

;h Y Y - W Y Y  Y h Y Y h Y Y h  ;t u - u u  

- 
B-41 



> 
cr 
0 
I- 
Y 

- h - N O O h  
O h N  o m m -  
- h O M O - 0  
h h O N 4 N S  

N O 0  
h Y Y  

n-n  
n t  o 
Jv, 4 

1) > 
E[LI n N 
0 0  0 I- w - 
tb-mr.3 I- C K C Y Y  
Y Y h Y  Y 7 Y Y Y  

t 
z 
0 
U 
u. 

O - t L n L n l n O O  
N N N h l n N N  
O I n 4 f O O L n  
0 9 9 0 4 0 9  

Z 
X 
t- 
u 
[LI 
Y 

- 9 h O O I n O  
N l n O l n O h O  
O O Q ; f - - N  
0 N Q I n - t - N  

B -42 



w 
7 

N 
I 

k-v t 
Y Y  occ o x  Y 
Y Y  z z  O Z Y  Y 

0 -  - 0  

t- 
O X Y  Y 

- Z Y Y  Y 

N I 
w V 

Y 2: 
a a 

(Y 
5 
V 
U Y r Y 

- 

9 -  0 0-0 - O m  O Q O - 0 0  0 - -0 - -9V,O 0 - 0 
h t3 In 0 V ) M  (YIno o o m - a -  0 n I P o m o t n  m - 0 - 0 d N O 0  9 0 0  P O d O ~ O  0 0 0 4 O M O  - 0 0 - 0 rn N O 0  O N 9  O-Y lnOUIO 0 0 0 0 * N U  nI 0 0 



N 
E 
3 
u! ., 

3 
VI 

a 0  
W E  

n 

u l w  
w o  
r 3  - +  
c -  
c 

V t  
- 4  

V 
a -  
LniK 
kb-2 
- w o  
LLr- 
E W  

-I 4(r 
* ( L w  
. - w >  
v o  
3 k J  
00 w 
- I W  s 

h 

n 

u a x  x n  
z IU 

f w o v l l n  
I v o -  
o m - w  
Q d a >  
n a t u  

W 
cn 

If 
V 

m 
w 
ul 

c, 

N ., 
m 
h 

CJ - 
h h h h  
N N N N  

0 z 
b- 
v) 
V 

z 
0 
e 
ul z 
w 
L - 
n 

U. 
0 3 

0 
W 

h 
h U  u v v  u u o v u  

B -44 

I 



w 
a 

L L  Q 
VI F >  

-0 

a3 
\ 
1 

- - 
w 
1 

- 
N 

z w  
4 : -  
a +  

- 
- 

n o  
z -  
4 -  

w 
L Z I  
w -  
a 0  

N 
w -  
t W  
4 

W 
VI 
3 

n-t 
w o  
c -  
t h  

0 

N 
V I *  

- 
w o  
E O  

2-- a 
0 
3 

a 
0 
3 

W N  
L O  
L u -  

s 
a m  

a- 
0 -  
L -  

l n w  
c 

- 
I- 

o w  
Q 

sa 
2 "  
t 
c -  
In- z -  
0 -  
v u  

0 

w o w  N 
- 

N - 00. 0 
0 NCE 0 
CJ htv v - 

N 
0 

W U  - w v  

B -45 



0 
z 
4 
U 
111 - n. 

F 

U. 
0 

t 
z 
u1 
L 
3 
c3 
Lz 
< 

u w o  
- m o  

h 
N 
0 

t- * 
_. 

- 
0 

0 
0 
3 
.o 
u- 

a 
( u 5  
0 ui- 
cu &--< 

., - c  
- + a  

o c*)a 
(u - 1  

N - v  
I- w -  
0 .,- 0 a 
h l - 4 - t  

W N - N *  5 
* - w + >  w - + - <  t 
9 - h - E  
NO-EUJLL 
- x u -  
w w t n m  a? 
1 6 1 4  0 
a - a v m  z 
SI .e -=  * 
c - . - c t t  w 

- 0 - e -  a 

W L L W K L W  v 

L L  
L u l  
z o  
w u  
b - *  
l C V t  -- II) 

- E - z  
E O  - 0  
o z l n u  
z - - - u  
u u -  ,, 
v iu - -  
w--u,  
- U - N  
U Z - \  
2- E 
- . i n - 0  
v) 8 Q Z  * -  a 4 E  
- 0 w v w  
- -  . - C 3 C 3 0  
-u a L L I T x f Y  

o - - w a  - -  

r 
0 
z 
4 
u 
w 

U 
v, 
0 
u 
t 
v) 
z 
0 
V 

w m  
v +  
7 -  
a -  
i-- 
ul- 
- w  
n 

I 
w -  
c m  
J +  
1- 
w -  
a w  
LAW 

I- 

t m  
a 
m 
3 
v) 

L E  
t 

n 
II 
Lc 

a 
E 

3 
I 
I 
i 
d 
1 

B-46 



E 
I 
E 
I 
I 
I 
S 
J 

a 

a 
I 

6 
8 

w 
f) 
c 
c3 
2 
0 
J 

t z 
0 
a 
3 
tn 

n 

- 

- 
a3 

V 

- - 
a 
E 
W 
I- * 
a 
E 3  

NCF nu. 
v u  u m - v v - -  

B-47 

v, 
-I 
4 

0 
3 

- 
n 
I 

lL 

n 
W 
> 
CL 
w 
v l  
0 

c 
u 
W 
-f 
J 
Q 
V 

m 

- x  
o m - -  
< <  
w w l A u  
a m - -  



L 

u z  
- Q  
v l -  + +  
I C :  
d 
- w  
v u  
w u  
a x  

- n  

n -  

w o o  .VI 
a m ~ z r n m o  r--- w c  
w M >  
C L L U L L  w o  
----- lcro 

-+ 
0 

tn Q h C O U  0 . 0 .  

Z 
0 

I- 
V 
W 
J 

h - 0 
V V 
w 
[L 

0 

- 

n - n 

+ u n ,  
-0 6 
-I I J J -  
- u  w .  
+ Y  - -  
1 M J  
- n  4 -  
VI a--cn 
< O t - t Q  
w -  - 
~ U O Z O  
W Y U - a  

r 
U 

--cv - N N n ,  
V Q V U S U S Q U U U U  

B-48 

1 
1 
J 
1 
3 
I 



VI > 
c, 9 w 

I >. * -  I- + 9-1 
-7- 0 

v) * - Y  wl 
h m - 7  x - 0 -  - 

6 -  D 

- 

- w o  w o z z  !Y 

- Q - l u - -  -N-t--X 
- >  J Y  E E Z  

Q - < 0 0 7 7 u 3 3 0 e  
aln ot3-.I-vILnvLn 

13 3 
7 
0 
a 

m a  - - u  

B-49 

n 
L L  
Y 
\ 

7 

N 
E 
3 
IA 

n 

L 

- 
7 

N 
r 
3 
Ln 

- 

c 
U 

In 
LJJ 
a 
i 
3 
Q 
m 
I 
c 
Ln 
a 
W 
-I 

W 
I 
e 

-7- 2 - - -  w-. 

* N -  
-zs o 
- 3 3  w 
*vim In 

0 1 )  3 

- 

- 

-1Y v) 
-77 z 
0-- 0 

u 
2 
.c 
V 

- u  
0 -  - N 

N 



- 
h' - 
+ - f  
7 +  

- - - I  
7 v l -  
- + m  
m - +  + C J -  
- + A  
- J 7  + - -  
J - -  
- V I m  
- 4 4  
m u u  
U Z T  
w u u  
E * *  
u -  - 
b x - l  
-77 
Y -- 
-I-- 
- n m  
O t  w 

Y Z l n T  
+I- u u  

- z  a 

0 - 
u 9 .  V 

> 
(L 
rr 

a 

a - -  
m a  

I - + +  
-J- I  
u - -  
o m I A x > 4 - - N  
- u u v u c - -  

t + +  
W L L U  
5 u u  
a x x  
L T - -  
a t t  

LLU 

3-- 

a-- 
t o n  
n u u  

w 
a 
a 
t 

z 
C, 

W 
I- 

w 
7 

- 
n 
z 
4 

> 
a 

- 
LA 
Y 

h 
P) 
P) 

8 

0 

W 
> 
0 
aI 

m 
U 
LL 
Y W  

- a >  
e - 0  

r: 
I N +  

9 -  
L T Q  
U I  
2 0  
- 0 7  

B-50 



U. 
n 

UI 
> 
0 
r. 

cr 
h 
0 

B-51 



1 
3 

0, 

N 
n 

W 
t 
a 

iT: 
a 

- 
- 
ll 
-I 

z 
L, 

4 

u 
I 

I 
I 
1 
I 
1 
I 
1 
1 
1 

I/) 
c! 
U 
c. - 

N - n  
-tC 
x-ul 
)-U 
CJ r. o 
a - c  
- u  
CJ 
--ul 

3 
n 

o n  w 
- x m  

h 
rd 
In 
0 
4 
h 
h 
h 
0 

1 

ni 

W 
rn 
(L 

- 

lxz a- - 
n o w  0 h 
o x w a  O Z Z M  
r a  I E O O M  - w o -  

N J  - 
- a m -  
O > O t  

LL3oa 
x o o a  
b W U X  
N 

- - u n  

x o  
Z U J  

z w w u  
X E Z O  

0 
u 0 . -  v c j w  u v u U 

B-52 



i 
t 
s 
.II 
1 
T 

I 
R 
E 
c 
I 
1 
I 
1 

z 
4. 
u 
I 
ul 
4 

M 

u 
a 
< 
t 

.II 

n 
4 
W 
u 

N 
0 
(r 

r) 
9 

a 
0 
t 
VI 

M 
0 
0. 

nrcur 
w w w i t  
0, v a  w 
u w u >  
cv)co 

a 

w w w x  
a m r c m  

U N  11 V 

InD - -  ln 
I- n -  r 
-c u -  

~ r -  at- 
* N -  N -  
- 0  U 
n u -  w n  

- I L L L U L I L -  
U Q 3 C U  

Nt -uzc - x -  I 

rl 
r, 

ll 

- 
(v- 

O M  z- 
- 0 .  
3 
w o  
ac3 

< 
rr 
N 

w 
CL 
6 
c 
Q 
U 
w 
E 

B-53 

W 
Q 
-f 
t 

a 
c 
4 
n 

z 
0 

U 
0 
u, 
r, 
VI 
U 
w 
CL 

0 
SI 

U 
0 
w 
cl 
4 
w 
(r 

n 

r, 

U 

u-l 1 
0 - - -  
* M 3  

* M -  
M - I L  
o o > -  
r. - 3 - -  

N t W O Q k  o--.---. 
- 0 u u u  
r - x w w -  - . , - w f x +  
0- 0 0 0  - -  c o o -  
* o o r . Y I u  
M - a  Y 
- - Z I  

3 I 

M r,n 

--  h 



9 
1 

-N 
0 

* a  x x  
u-- n T U  O V I U  
O L L U O  LLOI-C 

h - N - m - a -  - m m  
0 00 - - -  

4: J 
J v, 
0 (rz 

- - -  cu O N O ~ 0 . 0 0  
0 0  0 - 0 - o - o -  

m - m -  m - -  v u  h h  h 

B-54 

a 
1 
a 

1 
I 
1 



r, 
0 
h 

- -  
E: 
w u  
I -  

I 

c\I 

51 
W 
I- 

n 

* 

w 
t 

1 

n 
a 

- 
E 
t 
-% 
n 
a 
E 
X - 
w 
t- 
4 
t 
0 
a 
-I 
-I 
< 
V 

X 

I 
n 
a 
a 
z 
X 

Iz) 
a 
u 
t 

Y 

n 
4 
Z 
X 

t -  - *  
- N  
m a  
I l z  
5 U' 
LL' t 
I - *  

- * v l  
O M - .  

- n r  
+ T U  

B-55 

-J 
ul 
z 

0 
07 

zz ln  
6 - o x  
zu lvo  

M 
0 
h u v  



c 

> 
e 
> 
E + 
X 
c 
X 
C 

v -  
- u  
zt- 
w(Y 
I O  

-t In 
0 0 
h h 

- 
U. 
X * 
a 
5 
X 

P) 
a 
L 
u 
c 
#I 

P 
< 
s 
X 

9 
0 
h 

- 
U 
> 
b 
e 
I 
z: * 
M 

E 
u 
t 

a 

Y 

n 
< 
I: 
> 

B-56 

> -  
I \ a  
rJ-z 
a c u w  
Z Q t  
W E +  
t - w -  
- t w  
\+cl 
- M -  

Lucc * 
c I - m  

t 3 0 0  
L L V ) k - - t 3 - W  S I E T  
-I a c n m - m  - -  

-0 

m 
n rx 
0 

I 
z 

CK 
0 
t 
vl 
a 
0 
t 

cn 
I- 
Z 
3 
0 
V 

Lz 
W 
0 
0 
V 

0 
N 

v -  U 



f 
I 
a 

n 
E 
3 
7 

0 
I- 

N O  
4. 

r * , -  

I L Z  
v u  z -  
- ( A  
Y v )  
E a  

0 -  
P ) m  - -  

0 
0 
0 - 
I - 
V 
I 

n -  = QP) 
3 
2 w o  
-(Ab 
0 3  
Iz: a 0  
a n a  

N 
M 

U - 

a 
z 

U 
z 

Q 
>- 
w -  
t -  
- Y  
+ a  
- w  
Y b  
a o  

> 
d 
[L 
(Y 
K 

V - 
a m  
t : w  
0 -  
z o  

o m -  
t-u- z -  
+ - n  
Z Y  
-?z 
O h  

(r 
0 
u. 
z 
0 
0 
a 
w 
> o  
u o  

a a m  
E 
3 v -  

P) 
M - 

0 -  u - ?  
u -  - v 



0 3 
c\1 ul 
-0 u 
0 4  0 
0u LLI 
r J c L  - 
- u + -  
m -  

rJ--u- 
u - -  

w - w  0 

~ - - r ~ i u t  G 
a I O  -I 
w u o LU o Y n 
LL-v - -ux -  

- - -  0 
0 0 0  
cu v m  N 

- 
I 

ll 

- 
v -  
o +  

o r x w a -  
C u W L 3 E . -  

I Z 3 V  
0 -z- 
t W C - Q  

I I Z  d 
o o o u o  
- u w v - ¶ c  

* ) - ¶  
0 0  

ucv cv 

- J W  I -  

v - z v )  ll 

ll - 0 3  

v-  -t 

- 
4 m  
00 
rum 

-5 
IA 

- u  
- 0  

- - w  
N U -  
--LL:  

m 
0 
M 

0 
In 
ln 

0 
IC) 

h 

- 
V 
0 
-I 

-0 

- - cv  
00 m m  

a 

I 
B-58 

1 



vl 
w 
z - 
t 
3 
0 
IY 

1 
VI 

m 

u u u  

t- 
0 
m 

9 
0. 
h 
0 
h 
In . -- 

u +  
J -  
0- 
20. 
a- 
* *  
e w  
0- 
u .  * +  
a t  
0 0  

m z  
0- 
v m  
* I  
N N  

x r  
00 
v u  + +  
zvl 

n n  

w w  ~ 

t t - w - 0  
< z z m w  
t 3 < .  
O O J - -  
a v a n n a  

E S H  
u m a o o w  
2 w w u v c  
I X X  * 
+ a -  * u  

m 
F: 
0 
0 
U 

Y. 
V 
U 

m 

m 
W 
> 
U 

Ts 
z 
-l 

> 
W 
3 

- 

I 

n 
z 
4 

X 
I 

V 
3 

a 
0 
U 

vl 
c 
z 
3 

- 0  
> L  

x a  
--w 
t-0 
o v  
I L Z  
z w  
3 8  
t 

w u  
z a  
-I 
+ v l  
3 
o m  
t r w  
CnY 
=)a 
Ink 

c, 

a 

v u w  U V  

B-59 

0 0 
2 X 
0 I -+-  
- u u u  
M t t - 2  
+ o o -  
- E w m  
- x >  c, 
0 1  * >  - 
w - -  ., 

Lu cL\ 0 0 . ( L - t m x  
t u n - z t  O a 3 0 ( 3 + + -  
Z W O N v l a 3  \.no-- 
w x J L - - u l  - h 4 Z - - U l  
v o  WCLIC) nl n l N - W V t -  

V U 



i l l  U 

W 

-. 
Z 
G - 
4 

. B-60 

I 
1 

3 



x 
a 
c3 
0 
(Y 
b 

3 
VI 

z 
0 
N 

a 

m 

- 
a 
0 
I 

4 

0. 
c3 

I 

a. 

E 
6 
rY 
c3 
0 
(I 
Q 

u 
3 
t 

t 
I- 
< 
V 

IY 
t 
ut 
E: 
E 
a 
E 
0 
0 
t 
O 
I 

a 

I 

- 

a 
z 
0 
V 
a 
cr 
< 

z 
0 

VI 

W 
> 
J 
W 
w 
I 
3 

VI 
0 
(L 

c 

- 
a 

...I 

* 
0 
w 
VI 

> 
w 

- 
a 

5 

0-- 
c n N S  
I l l  - 3 
u- - 
c1(L t 
r o c  
a I V I  

a 

a - -  
A N 6  
v- - 
I-- 
n C J > -  

m a n  
a - a  

h T 4  

I * a  
Q 
x 
W 
t- 

v u u v u  

iF 
c 
a 
2 I  
3 

0 2  
(\1 o *  

V O L n N O  
- N  .I\o 
a h h - N  

-3 L 3 Q h O l V I  
.I O h l n O O t  

0 P) 5 N  o o a  
cv .I . I O - O O E  
W 4 c ~ m N c v o 3  - I t N Z  - 0  

O N * -  h - 0 0 1  
a3 rPJ- .---o-a* 
a m -  0 Q O - - -  
.I w -  w - 0  

*I. 4 3 1 < 0 \  
- - - - c w z I - ~ u V I v -  

x -  X - t -  I 
w ~ J o - ~ c - - - Q ~ Q  

VI a z c  arz 
o w o w U o w u U 3 3 o  
n r r n a - u ( L - - z z a  

- - e  ~ ~ w r n ~ -  m I 

U 0 m u - m  M i u ,  

B-61 



m 

N 
0 
@ a b  

t t  
m a v )  
w o w  

1 

I 

7 

LL 
< 
> 
I- 
v) 
tu 

- 

m 

7 

V 
> 

- 

In 
n I m N ( r r  
3 m o -  
rl)-u>.- - z z -  

I - -  b 
0 i n 5 7  
V I M  7 

B-62 

2 - -  
- 1 I O  
I-I-kt- 
z v l m  
O l W W O  
u n a  13 

c, 
In 
In 
M 
0 
N 
m 
-t 
0 

e 

c' 
z 

0- 
ln rn 

N M;f V I S  
0 00 0 0  - -  V N  N N  " u 

I 
I 

I 
1 
1 
a 
a 
I 
I 
1 



M - 
P 
o n  
b - z  
W L U  

0 
Ill 
m V 

. - 
+ 

N 

B-63 

0 
U 

I3 rnz 
z 30 
w M U  

V 



3 - C K  
z - 0  
--E 
--(LE 

o w  
e x  

[L el 
L z 

I1 ir CK 
CU 0 3  

- c c c - - o  
0 - E W Z  
O I - - W m w  

A 0  
z - *  
m -  
A +  

C J -  
a 

U -  G -  
8.3 u m  

- - y  * *  
n u  N N  
r o  n a  
0.J 
u u  0 0  
- ! Y  u u  

LL! + + 
w c  Z v 1  
I - z w - 0  
a 2 z m u  
k o a *  

W W Q O O W  
z x w u u c  
- 4 x 1  

0 
U 

3 
o n  

- CU U u v u  U 

B-64 



B-65 



cr 
c: 
3 
rx 
n 
W 
c 
3 

0 
z 
0 
c 
z 
4 
m 
c 
U 

J 
a 
LP 
m 
c? 

a z 
5 0 
UI J 
t a 
m in - a 
3 7 
a -f 

4 -  > 
r m  t- 
a 7  vl 
W h  L L  

v z  m 
w <  -t 
m u  -f 

I VI 
o m  CL 
t Z  a h 
a -  t 

I V  h 4 
Q I W  CL 
W V I O :  [r 
- a < n  a 
c r m h z m m  
n N N w x C * I  

LJ V 

a + *  cv Q - 0 0 - - - a  
m a m - h w -  w - 0  m o  
a w - - - ~ u w a u - m  I+ - -z  
e a  H - II 4 0 3 e o \  

- ~ c v m * n - t ~ - - ~ n - -  
J w < 2 4  - 

u - o ! x o W u o w u u 3 3 o -  - u n ~ o m - u m - - - z z  n x  

8 > - J - I - U Z I - W ~ ~ b ? V Q  Y 
N t X -  X - t - 0  

m W - - N  *? .Oh 

B -66 

1 
1 
1 
I 
1 
8 
8 
I 
I 
8 
I: 
I 
I 
B 
8 
I 
1 
I 
8 



m 
t- 
a 

I 

d 
t 
W 
l- 
c * 
M 
a 
r 
w 
I- 
* 

U Q N  a 

- cu 
0 0 0  - h V - v  

B-67 

SI- 
7 4  

J 
4 
t 
I 

m 
cr 
0 -  

z v  
- - -  
a -  

m x m  
UI 3 b 
-zZE 
J - U' 
O h  

W Z  c, 
- o n  
X I - s  
4 ra IU * + c w -  1 UI- 

--1 * x u >  1 * 
.r -t- a -  
M O -  n o m -  

I-- r r - - - & -  * 
* x -  I - X c , -  

z - l - - W m * E -  
w x > c ~ I u w x  

a a - z < : ( n -  

13 z 
3 
0 
n 
a 
w 
I- 
< 
c 
0 
OI 

- 
W 
t 
6 
t 
0 
11 

J 
J 
a 
V 

> 
v1 

Q 
a 
0 
0 
U 

I- 
U. 

J 
- 

Q 
Z 
3 
0 
(r 
U 

w 
c 
< 
t 
0 
fL: 

ul 
t 
a 
U - 
a 
0 -  
I-v 
m a  
I-5 
a 3  z 
a -  
U X  
x - u  

>- 

wv)  
E w o  
ir 
o r  w 
LL  
m - -  
7 - N 
=l- - 
n t r n  
t - 4  

> >  
c t c  
- I n m  
u w w  

I 

nc 

a 
0 

v v u  - u v  



- - - - 
L 

> 
I- 
dl 
LL 

- 
L .  
.a 

I-, - 
- \  
\ -  
- M  
M a  

a -  
-IC) 
m a  
4 i N  
N .  

0 - 0  
a +  + -  
- M  
N -  
- w  
4 >  
>- t  
t i n  
W L U  
w -  - +  

- + - I  
- a 7  
- F  + 
- L L  VI 
m t t  
a - n  
> - E  
t u 3  
m z z  
w u  .- e 
0 I/> 0 
0 -  
O m  
o n  

- v -  4) 
u - v  

ric 

'1 a 

- -  
r, 

0.0- 
4 u l m  - - -  

N 
0 

U N  

0 
Z 

W 
0 
3 

w 

- 
m 

n 

n 
0 - LL 

0 
- - a  

- N  
r94a ;t tns 0 
0 0 0  0 0 0  !n 
N W h l  N (UN uul U U  

v) 
LU 
z 
-t 
3 
0 
IY 

3 
v, 

- 

m 

B-68 



(v 

B-69 

L3 

- z  
3 

3-1 
uiu 
Z 3 M - t  
- 1 1  h 4  
u z m -  
> u  r, * 
- 2 c u r V  

-I<-- 
l x > 3 ( L  
0 W t  

-I 

m a z z  
a u 3  
w x - 0  

w n u  -Iz - - 
-1lL 
4 - K U  
v o - -  

3 Z W W  
o o z z  

w V I V O D  



vl 
I- 
a 
x 
.3 
0 2 - - -  

n - - . - -  
II x > w  

3 - x > p u  

*-e- 

W z- u I 8  

E 
W 
t 
v) 
> 
v) 

n 
[L 
0 
0 
V 

3! 
4 
). 

0 
Iy 

-I 
-I 
4 
V 

C J J  0 0  
- c I  V U  

(I: + +  
u l w  z m  
I - I - L U - 0  

I - J U t t  
G o d - -  

a z z t n v  

m u a a a a  
E Z 5 :  

w m c 3 o o w  
Z W W W V t  
- W X *  

w m I - - t u v W  

X 
c, 

W 
z x  

c x  
3 
0 8  

ffio 
3 m  
m x  

@ L C L L  
a z m  
N - 0  
o m v  
1 . I  
CY 
m w c s  
x a c r  
- a a  

zvl 
L L - 0  
-v)u 

- v v u  V - V v u u  

B-70 



t 
1 

1 
I 
I 
8 
1 
8 
8 
I 

9 
9 
.& - 
0 

8 
(u 
0 
e 
W 
M 
M 
M 
M 
M 
M 
M 
4) 

* 0 

c z  
w -  
u v ,  

9 
9 
9 
Q 
9 

6 w z  
v I I W  

(v 

B-71 



1 
1 
I 

m u  
3 -  
I n Y  

0 

x z a  
-00 
E - 0  
t-vls 
m z  * 

h 
h 

W 
(A 
3 
4 
a 

n 
5 
1u 
t 
h 
< 
n 
LT * 
x 
5 
U 
m 
Z 
4 
V 

U T  
T v ,  

w w w  
( L m m  

1 1 u a  -J w 
I > L u w u - o a o  z m a - u a > o  

V 

Q 
0 
0 

4 t  
m 

P ) A  

3 -  

.r- * 

- 

r n  

0 

N -  N 

w -  Lu 

4 0 3 a  
c w z  I- 

x -  

Q 

Q U U ~  

a - t n  
a z a  
w u o  w 
l r - v n  

B-72 



. 
V 

1 -  

UI n 
c 
-0 
J t  
J 
w v 
c -  
4 a  

-I 
m c  
T ( Y  

a 
51 
3 
z 

0 4  
w 

v u  
- 2  
x -  
+I- 
z i  
w e  

- d o  
- 0 a  
- u  

* - 
c3 
z 
0 
J-  
Q -  

- V I -  
- I +  
Q - V  
a-.- 

- I U Z  
v - - 3  

- x . + a  + c3z 
v o  
- m  

0 1 .  - 
0 * o  . 
4 00 \ 
\ 00 - - * -  - 
0 * I  c, 
0 o - m -  
0 O - t -  

M O W E -  
o o + a v  
I m - ~ n  

Z U O  
- m Q  
0 2  
z a <  
olx 
I - c u  
t u 0  
4 x  
I - m  
- m n  

M I - D I  
- a o  
x z o  
- w  

m 
h 
h 
h 
u, 
I 

M 
D 

0 
z 
0 

VI 
z 
0 

t 
a 
I- 
O 
Tr 

E 

0 
LL 
X 
W 

- 

a 

n 

a m u  
m 4 1  

0 
0 
0 

0 D Q  - o r  - - 3  
z 

n n -  
c3 

(A u m  
I- - <  
a a -  
3 x u  z 2- 

r z  

( A m  
00 
v u  z z  U 

0 
w 
X - 

J 

V 
a U 

cu - ... 
0 0 0 

. O h  a‘ 41v - w  - v  v 

B-73 



I 
U 

W 
t o  
U 
!Y I1 

w 

m e  
z w  
- x  
m u  > +  
I -  - -  
4 n  
7 x  

couv 
s z z m  

c' 
z 
3 

Jc 
3 
Z 

t 
z 
a 
V 
VI 

B-74 

I 
I 
I 



I 
1 
8 
8 
8 
8 

1 
I 
8 
I 
I 
I 
I 
I 
I 
I 
f 
8 

m 

L n  
a 

a 
r. 
3 
z 

0 
In 
cn 
M 
(3 
N * 
-3 
0 
N 

a 

- 
0 
(u 
W 
- 0  

4) .N 
* * w  
rt.- - n J c 3  
--• r t m  - - - N  
n E r  r 
c - w  

- m - - w  e 
In w - . 3 c u <  

a a - z 4 t -  
0 o > x - o  
C C V - + + N O  

m z  4 
0 o u - w o o w  
W a - a v o =  

N 
;t 
0 
N ., 
.t 
0 
cv ., C t  
N mv, 
.t WLLI 

c v >  
r , c ,  - N N  

0 W W N  

03)Cl-_I 

x - W W U Z  
- C c C  - 

o a a  

- 
a n  

L L W ~ U W N  

W Z  -0 

- 

N 
Ins 

0 0 0  
N (VN 

U 
a 
0 
LL 
0 

r 

0 

r. 
LT 2 
0 - 
U r 
a w w  
0 z z  

In 

C I -  

IAM t t- 
- 3 3  

(r 0 0  

Q *  
VI 

urn u u  

B-75 



z 
w 
z 4  
u t  
- - J  
n w  
1 0  

8 
n 

i: 
Lua 
z e  
L L J  
- w  
00 

n 

U 

-J 
0 

3 - 
w 
z 

a u -  
z Ira 

- 
4 + 
7 - - 
VI 
x 

D . 
- - 4 3  v, - -  t 
u m  a 
I-0. 5 
L Y  - 3 
o r ,  2 
VIA47 C I - -  - - - -  
0 L I C I  

- w n - -  
- 3 3  - -  
a m z - x z  + -- 
Z - I - -  n II 

- 2  
V U O O t t  
> - w C 3 x t  

In M - t  w 

B-76 



1 
1 
I 
1 
8 
8 
8 
8 
8 
I 
I 
8 
I 
I 
8 

a 
z 
3 

c 
n, - 
r) 
m 
7 - 
Y - 
z 
c + 
t 
> 
- 
cr' 
m 
-l 

X 

z m  
3 l -  

I- - +  
w t - ?  * a x  
a 5 1 +  
z n -  
W 0 -  
b- L L -  + v 1 - l  
I z -  
V - f x  

- 
- 

- 
cv - 
a 
0 
t- 
U 
w 
> 

e 
> 

- -  
- 3 -  

- - a  - u -  
+ > u  I- 
U h >  > - -  m 
Q - 3 -  I- 
z - - 9  > 
3 v I -  + 
z > m  c 
- I >  X 
I - . % -  * 
< I - I -  c 
m >- X I - e x  
n m m r u r u +  
I 

rl 

LL 
0 
c 
W 
W 
> 

- 

w 

t 
w 

B-77 



'30 
v u  + +  
zvl 

w - 0  
% V I  u 
a *  . 
J - -  
n n  a n 

E Z E .  
00 0 w 
w v uc- 
X I  - * *  
u u  

- N  

w 
z x  . 
- . I  
c x o  
3 m  
o * x  

- . - 
+ 
h 
.o 
9 
a 
.o 
9 
d .  

. +  
I -  
N UI 
0 .  
* I  
W -  
M O  
M I  
M LLI 
M h  
M 9  
r r )Q  
M G  
C o b  
..e 
0 4  
V ) .  
X .  
- a  
.vl 
a x  
V ) -  
x *  
- 0  
*v) 
x x  

- 

- -  

* -  

m m  

- 
- c u v w  lnx -  

- o w  
m v a  

s o w 2  
m v a w  

- 
e -  X 

M - 
w -  U 
A M  I- 
w -  c, 
z x  
< -  Y 

c, 
3 c  - a 

U V N 0 

B-78 



N - 
n. 
0 

0 

4 
t 
6 
n 

t 

U 

w 
> 

- 
a 
3 
V 

w 
Z 
n 

VI 

h 

0. 
c3 
Q 

a 

V 

4 
a 
c, 
0 
I- 
0 
X 
a 
z 
0 
V 
4 
a 
< 

U 

-I a 
0 I 

(A 
0 

a 
3 
n. 
VI 

rx 
0 
U 

LA 
w 
1 .-. h 

Ln 
0 
V 

ILI 
0 
3 
c 

4 4 a hl 
CK rK 0 
- 0 .  VI In 

X 0. 

I- hl 
0 O 
m -7 

a N 
I 0 

* 

ztn- 
V) a 

a -  o z z  3 x o  
0- u . W N - -  [r n - w  

z w  ZVI 



I T .  

h it 
7 0  
- -L:  

LU 

n 

3 7  
b -  

U L .  

c n  
a -  
c o  

IA 

? e -  
ZLL 

a -  I 
c c ut 

a 
>- 
Lu 
e - 

I 
I - 
z -  

0 J O  
In 0 0  
ul E O  - 3 -  
c 4 \  - > - -  
h - 2  
4, L L -  

- - c n J  
- - a 0  
O Z 4 E  
N 1 - X  
U J - U  
-oLL> 

- .  

> > -  
t-- I VI 
Q z LL 
- - V I -  I 

- 0 4  h -  
* a  z z  
2 3  I - -  = J J  

- - - S n f Y  
UJ3x 

O L L t < U  
Q - - > >  

A J ~ N  

o > n o o  

E 
w 
I 
I- 

tlJ V I m - - w a  - 
e 
< 
J 
3 
V 
J 
4 
u 
z 
w 
I 
t 

0 
u 
w 

I f ? . * -  
* - - I n  

M Z Z .  

A Z l n 7  
N - 0  A 
- m u 2  +.-  
- - - A  
O Z L O  
N - - E  
W Z V I X  
- - 0 4  
* m v >  

VI > a  
'r t - + + +  

- - - -  

e-- 
w - -  
V r m  

V 

0 .  
v -  
. l  

? V I  
-0 
i C :  

-I- 
0 2  

- -  

- 8  

a-cr 
3 Z I  
u - u  
> m >  

+ + +  - -  
Q ) +  
- x  
V I W W  

2 3  
r z  

1 
1 
1 

B-80 



N 
n. 

- 
co 
VI * 
I 
Q 
vl 

- - +  

c 

- 
tn 

VI * 
T 
CL 
U 
t 
I 
n 
v! 

c 

t 

N 

+ 
c 

(v 

vl 
8 
f 

ti? 
8 
I 

v, 

+ 

- 
a 

a 

L - - 
u7 

5 
0 
U 

f 
a 
V 

c 
v, 

e 

c 

b 

UI 
- 7  
- J  
a u  
- >  
v) 

I l l  
- I -  
a 3  
- - I  
V I 0  
+ v ,  

1 \ 1 4  

v ) a a  
.--L 
- L A W  
h*CL 
- - a  
W k A  - vl LL! 

- m  - -  

I -  

- I  
C \ I l C  

VI 
-I 
U 
> 
0 
z 

U E  
0-l 

I z Q .  

V U 

B-81 



. 
L 
1 
F 
U 

t- 

I l l  
U 
U 

a 

U 

v, 
I 

I- - 
(r 
UI 

I 
I- 
Lu 
T 
< 

1- 
L 
4 

h 

> 
t- 

LL 
d 
ir 

VI 
I- 

I 

- 
h 

t- 
z 
0 
a 
I- 
z 
a 

> 
w 

- a 
VI 
> 
w 
L3 

+ 
0 
UI 
> 
w 
VI 
n 

a 

0 
VI 
3, 
w 
0 
VI 

- 
4. 

Q 
9 
m - 
+ 
Lz - *  

- a  
- 0 .  
I -  

C n L A  
- 1 -  

- 1  

& 

X 
E 
> 
c3 
n 
4 
I 
0 

0 
9 
M 
h 

0 0  
- a m  

B-82 

I- 
n 
7 

0 
Z I -  
h 
In 
J 
4 

a 
7 
n 
0 

> 7  
o r  I 

I 



I 
I 
I 
I 
1 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
I 
1 
1 
I 

U 
N I I  

0 
n c r  
z n  

K 
7 

n -I- 
W o m  
IT 7 -  - a - I  
Vl 
w I-- 
0 0 .  

3 *I- 
z m +  

n o  
1 o m  

U z a  
u e- 
c - \  

u do 
I-t 

0 v -  
I- m u  

4 2  
0 U 
L w t  

M -  
0 -  I - *  

U z a  

u u  

B-83 



> 
4 
Y 

CL 

w 
c 
3 
I- 

t- 
I- 

5 4 
a 
m u  
0- 

- 

O W  
El-z 
a w 0  
M E ' -  

v, 
m411: 

W L L ;  
t w >  
3 0  

F o w  
~ 

3 I u J  @ 

on. I ~ 

x n  
z w  

a o m m  

u u v u v  
0 

h O  
h -  

B-84 

0 

0 

0 -  N 
0 0 0  
N N n I  



I 
I 
I 
I 
I 
I 
I 
I 
I 

0 

a: 
\ 

I3 

n 

I 

. .  

m 
W 
VI 

L 

0. - - 
m 
W 
VI 

0 
0 
P) 
rr - 
M 
0 

h rr 
PJ 0 
0 0 a M 
I-- Q 
. - M  r r -  
.h- r r m -  
- w -  0 
..I rr 11 w -  
w m  -n LI. w 

h a 0 3  
O t W Z  t o  x -  

- z m C ? l - c  -- a z 
- ~ o w u o  
u n o [ ~ - u  

- 
- - M M  0 
-00 0 
N - -  P) 

O J m  
0 0- 
0 00 
4 4 - Y  

B-85 



- 
u 
4 

0 
h 

I 

LL 
t- 
0 
J 
0 

- 
- 

Y 

0 

- 
M 

CI 

a 
.I 

0 

LA. 
t 
0 
J 
5 

- 

I( 

Q 

M 
0 
4 

Q I 
r 

B -86 

0 5  
* 3  
- 2  

0 
(v 
J 

xtn 
Y 

Y 

0 
CLL 

W 
o m  
W A  

-t 
0 
-t 

I 
1 
I 
I 



I 
1 
I 
I 
I 
I 
I 
I '  
I 
I 
I 
I 
I 
I 
1 
I 
I 
!1 
I 

U 
w 
Ltl 
-l 
t 
0 - 
H 

0 
(r 
U 
U 
W 
tY 

Y 
Y 

W 
-.I 
d 
U 
w 
\ 
-l 
J 
0 
K 

Y 

A 
J 
0 
E 

cv 
C 

-t 
a 

0- - V )  
a *  
h *  
N Q  
0- 

- 
- 

- *  
4 .  
0 

IA 
W 
CY 
L, 
M 
Q 
h 

I- 
z 
tY 
- 
a 

z 
0 
-I 
a 
!n 

J 
a 
m 
I 
Y, 

- 
N - 
h 
X 
-7 

cu 
h 

I 

4 . 0  
I *  
m x  
- e  
x *  
N 0 -  

z -  
* o a  
I- t .  
E r u m  
13 < -  
I I W  
M a h  
.\ L,x 
X X N  
h m -  - L , h  

00 
--IT 

W h  a - -  
3 3 h  . 
z +ml-b-  

- 

I - -  

-0 < - u u <  

v, 
c 
1 

* L L f . r o c Y  
T \ I w u L L o  

T 
c, 
X 
rl - 

- - N  M - 
0- a m  0. - N P ) 4 I n Q  

0.a 0. - C U M O O O O O O  
h a m  n o  0 0  
0 00 0- - -  
4 3 4  -.?a a - t  - t *  4 V h  h h h h h h h h  

- -  

B-87 



U. 
c 
IT 
a 
h - . 
h 
U 
A 

4 

c o o l n z  
LLUU--uI  - 

- -  
4.4 
A *  
> >  
. r *  
u7m 

-00 
4 . .  
a n +  
> x x  * - -  
X U U  
-tt 
LLOO 
I-JJ 

-I 
o a a  
a m m o  z 
O Q O W  

ha30 
000 
h h  h V 

0 
0 

V h 

B-88 

1 

I 


